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Preface 


Modern  geodesic  instrument  construction  covers  a  wide  range 
of  subjects  associated  with  the  design  and  development  of 
manufacturing  processes,  manufacture  and  assembly,  and  also  with  the 
development  of  methods  of  adjustment  and  inspection  procedures. 

Amongst  existing  designs  at  precision  levels,  types  R&-2 
and  Ni-004  satisfy  modern  requirements  whilst  conventional  precision 
theodolites  and  universal  instruments  (types  TT-2/6  and  AU  2/ 10) 
require  modernisation.  New  types  of  precision  optical  theodolites 
are  now  being  developed. 

The  most  widely  used  of  the  existing  designs  is  theodolite 
type  0T-02,  which  is  light  in  weight,  small  in  size,  hermetically 
sealed  and  at  the  same  time  of  high  accuracy.  It  is  suitable  for 
use  in  forests,  mountains  and  lnaccenelble  regions,  for  topographical 
geodesic  work  and  in  many  other  branches  of  the  national  economy. 

In  recent  years  a  considerable  number  of  optical  theodolites 
type  0T-02  have  been  supplied  for  topographical  geodesic  work. 

These  instruments  are  also  used  by  other  organisations,  and  so  it 
was  considered  necessary  to  revise  the  book  High-Precision  Optical 
Theodoll tee ,  first  published  *.n  1^5^.  It  is  a  practical  handbook 
on  the  assembly  and  adjustment  of  these  instruments. 

rixperience  of  the  mmufac  trure  of  the  precision  optical 
theodolite  typo  0T-02  indicates  tnat  tie  corresponding  manufacturing 
inetructlona  must  be  scrictly  observed  in  making  the  components  and 
in  assembling  the  instrument  so  that  it  meets  the  stringent 
technical  requirements  which  apply  to  it. 

This  book  describes  the  fundamentals  of  the  assembly, 

dismantling  and  adjustment  of  precision  optical  theodolites  types 
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CT-02  and  ThB.  It  describes  the  manufacture  of  parts  of  the  axial 
system  and  the  study  of  aberrations  in  the  telescope  optical  system. 
Rules  for  the  care  of  high-precision  optical  theodolites  are  given. 


The  following  additions  have  \  een  made  in  tr.e  second  edition 
of  the  took: 

(a)  Chapter  3  describes  the  testing  and  i nves tigut ion  of  the 
optical  micrometer  and  also  investigation  of  th<*  optical  theodolite 
dials ; 

(b)  Chapters  4  and  7  give  the  theoretical  fundamentals  of 
the  individual  processes  for  adjusting  the  optical  systems  of  types 
CT-02  and  ThB  theodolites. 

The  author  hopes  that  the  book  can  serve  as  a  textbook  not 
only  for  specialists  in  geodesic  instrument  manufacture,  but  also 
for  students  in  reodesic  colleges,  taking  courses  in  applied  optics 
and  geodesic  instrumentation. 


% 
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Introduction 


Theodolites  types  0T-02  and  ThB  have  considerable  advantages 
over  the  triangulation  theodolites  and  universal  instruments  types 
TT  2"/ 6"  and  AU  2"/10"  ,  namely:  they  are  small,  hermetically 
sealed,  comparatively  light  and  more  convenient  for  observations, 
which  speeds  up  the  work  and  makes  them  more  suitable  for  use  in 
inaccessible,  mountainous  und  remote  districts. 

Optical  theodolite  type  C^-02,  manufactured  by  the 
Aerop-eoinstrumer t  works  is  used  in  high-claaa  triangulation,  and 
it  can  al3o  be  used  for  clars  ?  astronomical  observation.  Recently, 
it  has  also  been  used  in  machine-tool  manufacture  to  determine 
the  error  in  the  tooth-pitch  of  precision  gear  wheels  and  for  other 
angular  measurements. 

In  order  to  work  with  there  precision  optical  theodolites 
it  is  necessary  to  understand  their  construction,  and  the  function 
and  arrangement  of  the  individual  components  and  assemblies,  the 
optical  systems  and  the  path  of  li^ht  through  them,  and  also  the 
inspection  and  adjustment  of  the  assemblies  and  of  the  instrument 
os  a  whcle. 

Precision  optical  theodolites  contain  about  70  optical  parts, 
which  is  Just  about  10£  of  all  the  parts  of  the  instrument. 

Therefore  the  quality  of  the  instrument  depends  not  only  on  the 
optics  but  also  on  the  quality  of  manufacture  and  the  assembly  of 
the  rr.ecnanical  oarts. 

In  instruments  such  as  high-precision  optical  theodolites 
adjustment  is  u  complicated  process  which  includes  the  fitting  of 
the  optical  and  mechanical  parts,  and  insrecting  assemblies  and  the 
instrument  as  a  whole  in  accordance  with  the  drawings  and  technical 


requ i renents . 
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OPTICAL  THEODOLITE  TYPE  0T-02 
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Chapter  1 

GENERAL  INFORMATION 


In  optical  theodolites  the  horizontal  and  the  vertical  dials 
are  made  of  optical  glass  and  the  opt: cal  systems  of  the  horizontal 
and  vertical  dial  microscopes  transmit  images  of  dl ame trie all y 
opposite  dial  graduation  lines  to  the  field  of  the  reading 
microscope.  The  instrument  has  a  single  optical  micrometer  in  place 
of  several  microscope1 -micrometers  . 

Optical  theodolite  type  0T-G2  is  a  precision  geodesic 
instrument.  Its  special  feature  is  that  the  images  of  the  graduati® 
lines  of  the  horizontal  and  vertical  dials  are  transmitted  through 
the  optica^  systems  of  the  objectives  of  the  horieontal  and  vertical 
dial  microscopes  to  the  single  field  of  visio  ;  of  the  reading 
microscope,  which  has  its  eyepiece  alongside  that  of  the  telescope. 
The  readings  are  made  on  a  single  optical  micrometer  of  which  the 
seconds  disc  is  calibrated  at  0.2"  per  division.  The  telescope  is 
of  the  astronomical  type,  straight,  central,  and  with  internal 
focussing.  The  instrument  can  operate  normally  over  a  temperature 
range  of  -25  to  «>50oC.  Electric  lighting  is  provided. 

The  instrument  case  ia  255  mm  in  diameter  and  420  mm  high. 
Without  the  centering  plate  the  instrument  weighs  10.8  kg  ,  the 
instrument  complete  with  case  weighs  14,8  kg  ,  the  tripod  weighs 
6  kg  and  the  centering  plate  4,18  kg. 

The  theodolite  ia  provided  with  the  following  set  of 


accessories : 


Illuminating  mirror;  2 


Electric  lamp;  2 

Eyepiece  cap  with  light  filter  of  glass  TS-3;  1 

Interchangeable  eyepieces  to  give  telescope  magni  f’ication  of  40  x 
and  24  x;  2 

Electrical  plug-socket-  1 

Cover  for  telescope  objective;  1 

Centering  plate  with  centering  device;  1 

Tripod;  1 

J.'etal  case;  1 

Attachment  for  carrying  instrument;  1 
Handle;  1 


Plumb  line  with  cord  and  board;  1 
Spanner  for  tripod;  1 
Tommy-bar  for  stand  screw;  1 
Screwdriver,  watchmaker's;  1 
Screwdriver  with  wooden  handle;  1 
Straight  and  bent  pins;  2 
Adjustable  spanner;  1 
Brush  for  cleaning  optical  Darts; 


l 


?lannel  cloth  200  x  200  nm;  1 


Bottle  of  instrument  lubricant;  l 
Electric  lamp;  10 

Instrument  cover  of  hard  thin  cloth;  1 

Canvas  bag  for  centering  p  late  and  accessories;  1 

Canvas  cover  for  tripod  head;  1 


t 


1.  The  theodolite 


Optical  theodolite  type  0T-02  consists  of  three  sain 
interconnected  parts:  the  lower,  middle  and  upper  (the  telescope 
and  horizontal  axis).  The  iriddle  part  of  the  theodolite  is 
attached  to  the  upper  part  by  screws,  and  to  the  lower  part  by 
a  screw  thread  in  the  stand  and  on  the  mounting  of  the  dial 
alidade  prisms. 

A  general  view  of  optical  theodolite  type  CT-02  on  its 
centering  Plate  A  is  {riven  in  Pi g.1.  The  base  plate  serves 
as  a  bare  for  the  levelling  screws.  It  is  secured  to  the  trirod 
by  a  fixing  screw  end  to  the  centering  plate  by  a  special  screw. 
Lower  part  of  the  theodolite 

The  principal  conronent  of  the  lower  part  is  the  carrier  4 
(Fig.1).  The  levelling  screws  2  serve  to  adjust  the  vertical  axis 
of  the  instrument  over  tne  plummet.  Tne  travel  of  the  levelling 
screws  is  controlled  by  the  screws  5*  The  mounting  7  of  the 
condenser  and  illuminating  prism  for  the  horizontal  dial  and  also 
a  plug-pocket  are  attached  to  the  here  of  the  carrier.  Attached 
to  the  carrier  opposite  the  liptatinR  prism  is  a  mounting  for  the 
interchangeable  lighting  systems  (mirror  and  electrical). 

In  aide  L  he  currier  is  the  dial  bush  and  horizontal  dial,  the 


mounting  of  the  alidade  triane  «nd 
of  the  horizontal  dial  microscope 
is  attached  ty  four  special  clamps 

rotate . 
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Under  the  protective  cover  5  Is  a  knob  which  ie  secured  to 
toe  same  epindle  ul  a  gear  which  meshes  with  the  gear  on  the  dial 
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tush,  so  that  the  dial  rotates  wher.  the  >nob  is  turned. 
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Hq.  1.  Cot  leal  t^fofloMtp  type  01-0? 

1  -  bas«  plate-  1  -  levelling  scr>»s;  }  •  adjusting  icrews;  *  -  rjrrier:  S  -  prynctive  cover  •or  kn0p 
of  pinion  i  co  lets  Hnri  ;onf  jl  fid;  •  •  1 1 1  jiinj!  t  on  e  -  rrrr  •  /  -  •  j  / 1 1  no  o 1  illu*>r'j,'rj  pr  \  i»  of 
I'onjontal  dial;  S  -  sliding  contact,  )  *  lockin'  sc  r.»  •  r  c  i  a  *  p  o‘  -  :n  ;cn*j!  jial  ^  iJj'e,  1l  -  ac- 
juslirn  scree  for  '-ori/citai  *  i  a  I  jliJaJe;  11  •  fclescv  si  :'ti”  •  n.'-t*.  n*  sc  r.-»;  -level  setting 
serrv  fpr  fn*  vertical  3 1  a  1 ;  1?  -  o.  lector  .nob:  1-  -  lew  1  for  •/  /  rfal  tu'  a  JaJe;  '  b  •  ri'  cal 
•  icr  feter  kro?;  1*-  -  Bicr  neter  tearing  1/  -  lev  1  (or  vortical  J '  a  j  iC^'r;  ■  vcr'irj  ’urntaolt 
f-CaSirn;  |1  -  (•  ’<•  C".  <•  ‘oCaSsing  '<n;f  ,  e  y  :  i .  ••  ‘os-,  nj  nr  ;  cl.i*.  scr.  * 

.  -  qrj'iculr  I  I  lo”  '  .!?  m;  nrr  r  .  -  ■  ,'j  .  o :  ;  C  *  *  v  e  lens  ‘  v-rtual  ‘ill  air  •,  ,  c ,  ■>  •  r  fj'inq 

1  r  v  e  1  pri  $■ ;  o  -  re  j  d  n  ]  •  i  c  r  'Corn,  ’l<  •  1  >  v.  I  a  J ;  ■-  /  l  n  >  r,  «  *  r  v.  r{  i ;  j  1  t  p"’  <:  It ,  i  -  Ct  "  t  e  r  i  n  j 
f  late. 


The  vertical  axis  of  the  ins'runent  is  secured  to  the  stand. 
A  contact  rise  and  claming  sieve  ore  fixed  :n  toe  u;ror  7  n  r  t  of 
the  c  irru-r.  Tne  clerninp-  ring  carrier  tae  elidude  cluoip  of  the 
horizontal  dial  with  adjusting  screws  10  and  locking  screws  9. 
Middle  part  of  theodolite 

The  stand,  with  Its  two  uprights,  is  the  principal  component 
of  the  middle  part  of  the  theodolite.  The  lower  part  of  it 
carries  the  following:  the  level  for  the  horizontal  dial  14, 
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the  swivelling  prism  (with  mounting)  of  the  objective  system  of  the 
horizontal  dial  microscope;  on  tne  left  (with  circle-left,  or  CL) 
the  swivelling  prism  of  the  objective  system  of  the  vertical  dial 
microscope  in  its  mounting,  the  objective  lens  of  the  vertical  dial 
cicroscope  25  in  its  mounting,  the  level  setting  screw  for  the 
vertical  dial  12;  to  the  right  (with  circ. e-right  or  CR)  the 
telescope  sighting  adjustment  screw  11,  the  selector  prism  in  its 
mounting  with  the  knob  15  and  cover  glass.  The  image  of  the 
graduations  of  the  nr  of  the  vertical  dial  is  selected 


by  turning  the  knob  15. 

Upper  part  of  the  theodolite  (telescope  with  horizontal  axis) 

This  is  the  most  cor.r  llcated  part  of  the  instrument  in  both 
manufacture  and  assembly.  The  composite  horizontal  bxIb  of  the 
instrument  is  cylindrical  and  hollow.  The  ‘eleecope  turns 
cylindrical  hearings.  The  p’-jneipsl  component  and  Joining  link  of 
the  upper  part  of  the  theodolite  is  the  telescope  socket.  The 
telescope  and  the  reading  microscope  ?^>  »re  attached  to  tne  teles¬ 
cope  socket  which  also  holds  the  clamp  and  knob  of  the  graticule 
lighting  mirror  22. 

The  bearings  are  screwed  to  the  instrument  stand.  The 
right-hand  bearing  16  contains  an  optics!  m icx  uii.6 ter  with  knob  ^5; 

cntaii:*;  f  1  ■  —  mr.ur  finer  f cr  the  vertical  dial 
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alidade  prisms  to  which  is  s^cur«d  the  clamr  of  the  vertical  dial 
alidade  level  .  The  vertical  dial  alidade  is  turned  by  the  oujuo w  x  n g 
screw  12. 


The  principle  of 
ends  of  the  level  bubble 


combining  the  images  of  the  two  opposite 
is  used  to  adjust  the  bubble  to  the 


central  position.  The  coinciding  ends  of  the  bubble  are  observed 


through  a  rotating  level  nrism  2^. 

mhe  position  of  the  zenith  in  altered  by  the  telencope 
sighting  adjustment  screw  11,  the  level  netting  screw  for  the 
vertical  dial  12  and  tue  level  adjusting  screw  26 

The  vertical  dial,  which  in  screwed  to  the  telescope  socket 
in  aftached  to  the  frame  of  the  vertical  turntable  18. 

The  image  of  th-  telescope  graticule  is  focussed  by  turning 
the  focurninr  rin^  of  the  evenieco  20  and  the  main  object  is  brought 
into  focus  bv  '■urninc'  tt.e  ‘eleecore  fonaisirc’  rinr  1°.  The 
collination  error  :  °  cor:ected  by  adjusting  the  graticule  o.1  ition 
with  three  screws.  The  ‘elescore  graticule  lightirg  is  adjusted 
by  turning  the  lighting  mirror  knob  22. 

For  astronomical  observations  *' he  instrument  is  provided  with 
a  dark  glass  filter  which  fits  onto  the  telescope  eyepiece. 

Level s 

Theodolite  r  ",-n2  has  two  levels.  The  level  for  the  horizontal 
dial  alidade  is  mounted  in  the  theodolite  bane  and  serves  to  bring 
the  centre-line  of  the  instrument  over  the  plummet  position. 
Levelling  la  adjusted  by  a  screw  on  the  side  of  the  vertical  dial. 

Tt.e  calibration  of  the  level  is  6  -  "  per  2  mm.  The  level  for  the 

vertical  dial  alidade  is  corrected  to  the  dial,  its  calibration  is 

1  ^  ^  r\  ii  r*  *2  v*  r— 

•  ^  -  w  •—  ~  •  • 

Reading  the  dialn 

The  field  of  vieion  of  the  reading  microscope  is  illust  ated 
in  Fig. 2.  The  horizontal  dial  is  read  as  follows;  the  micrometer 
knob  is  turned  until  the  images  of  the  dial  graduations  coincide 
accurately,  and  then  the  degrees  and  minutes  (1a°20i)  are  read  on 
the  upper  3cale;  the  reeding  20.07  is  obtained  on  the  (lower) 


"seconds"  scale  which,  being  oultlplied  bj  2,  gives  40". 14.  The 
complete  reading  is  therefore  14°20*40"  .  14 .  For  greater  accuracy 
the  dial  is  adjusted  and  read  twice  and  the  sum  of  the  two  readings 
on  the  seconds  ecale  gives  the  final  result. 

Example 

Heading  on  upper  scale  156°38' 

First  reading  on  seconds  scale  40.27 

Second  reading  on  seconds  scale  40.21 

Total  reading  1^6°39'20" .48 

The  method  of  taking  readings  on  the  vertical  dial  is  similar 
to  that  described  (but  it  should  be  borne  in  mind  that  diametrically 
opposite  graduation  mar>s  on  the  vertical  dial  are  numbered  the  same. 
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fig.  ?.  Hold  of  »1*1on  of  roadlng  oicroicopo  of  (Hoodolito  typo  01-0? 

The  angle  of  slope  is  obtained  as  the  difference  between 
readings  v/hen  approaching  from  circle  left  (CL)  and  from  cisie  right 
(CR)  and  not  the  half-difference  as  in  ordinary  instruments,  i.e. 


1 1 


ci  ■  CL  —  CR 


and  the  zenith  distances  are  calculated  by  the  formula 

r,  -  CR  ♦  cl  -  ieo° 

z 

The  rear, on  for  this  is  as  follows:  the  intervals  between 
rraduatl one  on  the  vertical  and  horizontal  dials  are  divided  into 
fifteen  equal  p^rts.  The  interval  between  adjacent  graduations  of 
the  vertical  dial  is  8',  which  is  double  the  interval  on  the 
horizontal  dial.  Therefore  the  whole-integer  part  of  the  reading 
on  t.ne  vertical  dial  is  divided  by  two  in  advance,  i.e.  U,a,2...  is 
written  in  place  of  0,2,^...  Consequently,  the  difference  between 
readings  ta>en  when  the  telescope  axis  is  aimed  at  the  upper  and 
lower  points  is  hall  the  actual  angle,  end  the  angl“  of  slope  is  the 
difference  between  the  readings.  This  is  a  stec.ul  feature  of 
v  n  ''O  do  1  i  t e  CT-02. 


2.  Optical  eystem 


T.iC  optical  system  of  the  theodolite  (Fig. 5)  consists  of  the 
optical  systems  of:  (a)  the  telescope  (b)  the  objective  of  the 
horizontal  dial  microscope  (c)  the  objective  of  the  vertical  dial 
microscope  (d)  the  micrometer  (e)  the  reading  m<rroor.ope  (f)  the 
horizontal  and  vertical  uiols. 


graticule, 

The 


foioceope  ortical  system  consists  of  an  objective, 
and  one  of  three  in tci  char  geablc  cyeiiecee. 
principal  characteristics  of  tn«  telescope  are  as 


the 


1  2 


follows: 


Tube  length 

Magnification 

Angle  of  vision 

Eyepiece  lens  aperture 

Eouivalent  focal  length  of  objective 

Free  aperture  of  objective 

Resolving  power  of  objective 

Angular  distance  of  graticule  bisector 

Focussing  range 


265  mm 

24  x  50  x  40  x 
1°40'  ,  1°20'  and  1° 
2.5on,  2.0mm  and  1.5bb 

550  mm 
60  mn 

2"  .4 

35" 

from  5b  to  lnlinit;’. 


The  telescope  objective  consists  of  the  objective  proper 
(three  lenses  35,  36  and  37  in  Pig. 3)  and  a  double-lens  focussing 
component  38.  The  graticule  consists  of  two  plane-parallel  plates 
39  and  40  cemented  together,  one  of  which  carries  the  hair-lines 
and  the  other  the  diaphragm.  The  interchangeable  eyepieces  41  are 
symmetrical  and  contain  four  lenses,  their  focal  lengths  are  14. 6mm* 
11.7  mm  and  8.6  mm. 

The  optical  system  of  the  horizontal  dial  microscope 
objective  consists  of  the  horizontal  dial  lighting  system,  the 
alidade  prisms  19,  21,  an  objective  with  four-times  magnification 
??,?3,  and  the  adjustable  prism  24. 

The  horizontal  dial  lighting  system  Includes:  a  prism  17, 
a  condenser  18,  alidade  prisms  1Q,21  for  each  side  of  the  dial,  which 
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images  can  be  transmitted  through  objectives  22,  23  of  the 
horizontal  dial  mlcroscopa.  The  horizontal  ond  vertical  dials  are 
lit  either  by  mirrors  6  which  can  be  rotated  about  vertical  and 
horizontal  axes  (Fig.1)  or  by  electric  lighting.  The  F'conds  disc 
of  the  optical  micrometer  Is  lighted  together  with  tne  dials. 
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?he  optical  Fvnfpn  of  the  vertical  dial  microscope  objective 
consists  of  trie  vertic  il  d:ai  lighting  system,  the  alidade  prisms 
“,10,  an  objective  wl  tp,  *•«  ramification  11,1.*,  ar. 

adjustable  prism  12,  a  cover  gloss  14,  «rd  a  selector  prism  1^. 

The  vertical  dial  lighting  system  includes  trie  prisms  3*6, 
a  condenser  7  and  alidade  trims  8,10,  which,  like  tne  horizontal 
dial  optical  system,  is  cons  rucf<*d  so  that  the  dial  graduations  can 
oe  lit  and  their  images  can  be  transmitted  through  the  first 

1  1 


# 


component  of  the  vertical  dial  microscope  objective  11.  Prisms  1 
and  2,  which  transmit  light  to  a  metal  mirrcr  which  lights  the 
graticule,  are  assembled  together  with  the  vertical  dial  lighting 
system. 

"he  micrometer  optical  system  is  constructed  in  such  a  way 
that  the  images  of  the  PTflfluflt.l  nnfl  n  f  the  horl  r.ontel  end  vertical 

dials  and  those  of  the  graduations  of  the  seconds  disc  and  of  the 
micrometer  index  appear  on  a  single  plane  in  which  they  are 
observed  through  the  reading  microscope  (30,  31 »  32,  Pig. 3). 

The  micrometer  optical  system  consists  of  pi ».  ^-parallel 
plates  23,  a  separating  unit  26,27,  s  prism  28  which  transmits  the 
images  of  the  dial  graduations,  the  seconds  disc  33,  and  the 
illuminating  prism  JA . 

The  reading  microscope  consists  of  the  collecting  lens  29, 
the  reading  microscope  prism  30,  the  objective  31*  and  the  eyepiece 
32.  The  reading  microscope  ia  common  to  the  optical  systems  of  the 
microscope  objectives  of  the  horizontal  and  vertical  dials,  because 
both  objectives  give  ireges  in  the  plane  of  the  separating  unit  26, 
27.  The  magnification  of  the  reading  microscope  ia  9.3  x  and  the 
overall  magnification  of  the  microscope  for  the  horizontal  dial  is 
37  x  and  for  the  vertical  dial  28  x  .  The  field  of  vision  of  the 
reading  microscope  is  8  mm  x  3.8  mm  which  corresponds  to  1  40'  on 
the  horizontal  dial  ana  3°20'  on  the  vertical  dial.  The  distance 

from  the  microscope  objective  lens  to  the  horizontal  dial  is  23*3  ®® 
and  to  the  vertical  dial  23.0  mm.  The  diameter  of  the  objective 
lens  is  1.7  mm  for  the  horizontal  dial  and  1.6  mm  for  the  vertical. 

The  horizontal  and  vertical  dials  of  theodolite  type  0T-02 
ere  made  of  optical  glass  grade  EK-10,  and  very  strict  requireme^  h,s 


a;  ply  to  them.  The  lirht  bear,  which  la  reflected  from  the  dial 
calibrations  passes  through  the  dials  whose  faces  must,  therefore* 
loparallel.  The  anple  betw  en  the  faces  of  tr.e  horizontal  dial 
rust  not  exceed  2  seconds  and  the  quality  of  its  surfaces  is 
c:  nrncterl  red  by  the  values  AN  -  0.3,  N  -  1,  where  AN  is  the 
tolerated  deviation  of  the  s>.  rface  from  t..ot  of  a  sphere  or  plane 
(local  error)  and  N  is  *  r.e  tolerated  deviation  of  tne  r'idiug  of 
the  surface  of  the  part  from  the  radius  of  the  test  plass  or 
toleruted  sphericity  of  the  plane  surface  expressed  as  the  number 
of  interference  rinps.  The  surface  finish  of  the  diameters  on  which 
the  praduations  and  numbers  are  narVed  is  of  Class  1. 

'"he  dial  graduations  are  Trade  with  a  precision  circular 
dividing  machine.  Eefore  calibration  the  plans  is  coated  with  wax, 
the  "a chine  Cutter  pierees  the  wax  to  the  pi  ass,  which  is  then 
etched.  The  dianeter  of  the  circle  on  which  the  rrndua'ions  are 
made,  measured  to  4  he  lower  end  of  the  calibrations,  is  133  mm  for 
the  horizontal  dial  and  °0  rn  for  the  vertical;  the  smallest 
divisions  of  the  dials  are:  horizontal  4’  and  vertical  6' ;  the 
thickness  of  the  dial  pr«dea' ions  is  horizontal  6-7  microns  and 
vertical  7-6  microns. 

The  dial  surfaces  on  wnich  the  rraduetions  are  marked  are 
silvered  to  improve  r*  flection  and  are  provided  with  a  protective 

rOM  t  1  nff  .  T  •  Corn1  »>  fn  r*  n  C  HT  nc  orpr  C  t-  h  U  r\  t>  j_  •  r\  •  ■  e  i.  1  di°l  is  OOt 

prea4  er  than  1.5",  and  of  the  vertical  dial,  r.  1  greater  than 

♦  2 . 5"  • 

Second s  disc 

The  seconds  disc  is  nude  of  optical  plans  and  is  22  mm  in 
diameter  and  2  rr  thick.  The  diameter  of  the  circle  on  which  the 


graduations  are  Bade  is  20  mo,  measured  to  the  inner  ends  of  the 
graduations.  In  the  dj.ic  there  is  a  hole  8  mm  diameter  for  the  cam 
shaft.  Graduations  are  narked  on  the  arc  of  the  disc  over  an  angle 
of  550°,  this  angle  la  divided  into  600  parts,  every  tenth  division 

of  which  is  numbered  from  1  to  60.  In  addition,  there  are  four 
lines  marked  on  both  sides  of  the  working  part  of  the  disc.  Tne 

width  of  the  lines  on  the  seconds  disc  is  0.01  ♦  0.002  mm. 
Microscopes  and  path  of  light 


Consider  fj.i"cj>j  oue  ptiLu  ui  the  light  in  the  n  orison  tax  dial 
microscope  (Fig. 5).  Light  from  the  electric  lamp,  or  light 
reflected  from  the  mirror,  falls  on  the  prism  17 *  passes  through 
the  condenser  18,  and  on  to  the  prian  19,  and  then  through  priem  21 
to  the  diametrically  opposite  part  of  the  dial  and  illuminates  the 
graduations  of  the  horizontal  dial  20. 

The  path  of  light  in  the  alidade  prisms  is  shown  in  Pig. 8. 
Light  from  the  illuminated  images  of  the  opposite  parts  of  the  dial 
passes  through  the  alidade  prisms  21  (Fig.^)  to  the  first  component 
22  of  the  objective  and  then  to  the  second  component  25  and  further 
to  the  swivelling  prism  24  and  to  the  optical  micrometer  (meanwhile 
t..e  selector  prism  15  la  not  in  use). 

In  the  optical  micrometer  the  light  passes  through  the 
plane-pa* ^„lel  slates  25  to  the  separating  unit  26, 27,  which 
separates  by  a  fine  line  the  opposite  fields  of  the  dial  graduation 
images,  here  part  of  the  lig,ht  passes  through  the  illuminating  prism 
54  of  the  seconds  disc. 

The  collecting  lens  of  the  reading  microscope  29  receives 


light  from  dlame trlcsl ly  opposite  graduations  of  the  dial  through 
prism  28  and  light  from  the  graduation  images  of  the  seconds  disc. 


After  passing  through  ♦'he  collector  lens  2°  the  light  posses  through 
the  rrism  of  the  reading  microscope  30,  the  objective  3'1 ,  and  the 
reading  fnicro^c  )pe  everiece  32. 


Flq.  4.  Pj4''  of  lip4  (ft  *h  jICj'*1  rft'S* 

The  p8th  of  light  in  the  vertical  dial  microscope  is  as 
follows  (Fig. 3):  light  iron  the  electric  lamp,  or  lirht  reflected 
from  the  mirror,  reaches  the  rri sm  S  and  thence  passes  through  the 
prism  6  ar.d  cor.denrpr  ?  to  the  prism  p  and  through  the  alidade  prism 
to  to  the  vertical  dial  °  a 4  ;<r,>  ♦  rl  r  •:  1  1  v  om  oai  te  graduations 

f  the  vertical  dial  ore  lit. 

Further,  light  from  Me  reflected  images  cf  diametrically 
opposite  parts  of  the  vertical  dial  passes  through  the  alidade 
prisms  1C  and  reaches  the  first  component  11  of  the  microscope 
objective,  then  raster  t  rough  ♦‘tie  swivelling  prism  12  to  the  second 
component  13  and  thro  rh  t:.e  cover  gloss  1^  to  the  select  r  prism 
15.  Passing  through  the  s, elector  prism  15  the  light  from 
diametrically  op'orit^  -*mdun  *-i  r  ns  of  the  vrtical  dial  reucues  the 
optical  m  i  c  roop  r .  Tr.e  path  of  th»*  light  in  tt.e  optical  micrometer 
and  in  the  reading  mien  score  has  M-eu  described  above. 


3.  System  of  axes 


The  horizontal  axis  system  of  the  instrument  (Fig. 5) 
includes  the  following  parts:  the  bearing  for  the  vertical 
turntable  29»  the  vertical  turntable  houeing  18,  the  telescope 
socket  28  and  the  micrometer  bearing  16. 

The  vertical  turntable  housing  18  (Pig. 5)  and  the  telescope 
28  are  connected  by  internal  cylindrical  surfaces;  at  one  end  they 
are  in  contact  with  tne  cylindrical  bearing  surface  of  the  vertical 
turntable  29  and  at  the  other  with  the  cylindrical  bearing  surface 
of  the  micrometer  16. 

The  cylindrical  surfaces  of  the  mounting  of  the  vertical-dial 
alidade  prisms  run  in  the  bearing  of  the  vertical  turntable,  and  in 
the  assembled  system  of  the  horizontal  axis  the  alidade  part  of  the 
mounting  lies  inside  the  vertical  turntable  housing. 

The  vertical  axis  of  the  instrument  (rig. 6)  includes  the 
following  components:  the  vertical  axis  4,  the  vertical  shaft  main 
bearing  (tribrach)  5  and  the  dial  bush  6.  The  dial  is  mounted 
separately  from  the  alidade  axis,  the  dial  runs  in  the  dial  bush  6, 
the  alidade  axis  is  tue  vertical  shaft  ^  and  the  vertical  shaft 

main  bearing  5  is  located  between  them. 

Mountings  1  and  ?  of  the  objective  components  of  the 
horizontal  dial  microscope  (Pig. 6)  are  located  in  the  mounting  of 
the  dial  alidade  prisms  3  in  which  they  are  secured  by  locking 

screws  after  adjustment.  The  mounting  of  the  dial  alidade  prisms 
is  inside  the  vertical  axis  and  is  screwed  to  the  instrument  stand 
by  a  thread  cut  on  its  cylindrical  part. 


1  y 


The  vertical  axis  Is  self-adjusting,  and  cylindrical  with  a 
bull-thrust  L’eurir  g  on  the  conical  part  of  the  vertical  s.enft  rair. 

\  enrir.r  wnich  is  fixed  to  V.e  stand  by  four  screws.  T..e  vex*  leal 
•  •..aft  "  a i n  be  •. rinr  is  attached  to  th«  carrier  by  screws  in  half-rings 
The  half-rir.es  run  in  th**  a-^ular  slot  f  the  dial  bush  and, 
*::erefcr*-,  *  :.ev  nr»*  held  atov  the  borirontal  dial  alidade  prism 
^  i;n*  ini’. 


Fig.  b.  Tb«  hon/ontil  jim 

-  tu^ntcjU  ledf i n j;  15  -  vertical  turn* at,  I <*  hoJsing;  J3  -  eoanting  of  yprtica'  dill  alidade 
cri'i,  .ri  .  telescope  ocet,  ll  •  •  lcros.'pr  •„  arm; 


4.  Optical  micrometer 


Tna  optical  micrometer  takes  readings  of  the  horizontal  and 
vertical  dials.  The  horizontal  dial  is  graduated  every  four 
minutes,  the  seconds  dial  of  the  micrometer  has  600  divisions  and 
one  revolution  of  the  seconds  disc  corresponds  to  2'  and  therefore 
the  calibration  of  the  seconds  disc  is  0.2"  per  division.  The 
optical  micrometer  (Fig. 7)  is  constructed  as  follows:  three  main 
parts  are  fixed  to  the  micrometer  housing  1;  (a)  the  Bpiral 
assembly;  (b)  the  micrometer  bridge  and  (c)  the  lever  bridge.  The 
spiral  assembly  consists  of  the  cam-shaft  2,  the  seconds  disc  3, 
the  cam  4,  ar d  the  micrometer  knob  15  (Fig.1).  The  seconds  disc  is 
attached  to  the  cam  shaft  by  nuts  and  washers,  '"he  cam  shaft  fits 
in  a  hole  in  the  cam  and  is  secured  by  a  screw.  The  cylindrical 
part  of  the  cam  on  which  the  spir  1  Ip  cut  runs  ir  a  hole  in  the 
micrometer  housing;  the  micrometer  knob  is  screwed  tr>  the  threndad 
part  of  the  cam  (from  the  face  side  of  the  micrometer  housing  )  and 
is  locked  by  a  screw. 


Mg.  1.  Optical  ■1cro«*t*r 

1  •  atcr«Mt«r  bousing;  I  •  spiral  nstably;  b  •  ■  IcroMtsr  brldgs;  c  -  )»*»r  brldg*. 


e  ~icror»*ter  t  ri  h  o  * 
*  v  ncr^vr,  n  d  con*"  i '  s  : 
the  prism.  which  •  r.smitc  the 
*\.e  lirhtinr  ’  ri  rr  for  the  sec 


s  r**  cured  to  toe  n.lcronetcr  housing 
re  ram  ting  unit  PC, 2°  (  s>  c  Fig.3)» 
innpeg  of  tr.e  dial  graduations  P6  , 
r:ds  disc  and  *he  collecting  lens 


d 


V-  y-  4  ^ 


T : .  c 
r  i  n  s 


Tee  lever  bridre  ir  also  secur^c  by  screws 
ing.  At  one  er.d  the  r.icromet-r  levers  run  in 
ye  bousirr  and  a*  tr.e  '  tt^r  ir.  holer*  in  'he  r 
rr. i c ror.e ter  levers  carry  ;  1  ane-p nral  1  e  1  :  1  iter 
run  in  *  he  ricroneter  car.  spiral. 


to  the  ricroreter 
holes  ir  *  .e  lever 
r  ror.e  ter  housing, 
nrd  'heir  cri vine 


The  r’lcrocet',r  operates  as  follows:  !•'  *  lk  i  r  --  a  dial  reading 
tne  iru  es  of  d  ia~'- tri  c  a  1 1  v  or  ■  ^rl  ‘  e  ~r  aduot  io:  r  cf  ‘he  dial  rrust  be 
'•ace  to  coincide.  This  is  dcr.^  by  turr.l  r.r  Me3  ri  roreter  !<r,ob  which 
‘urns  t.ae  sfiral  er.d  the  seconds  disc.  The  ’  •  r  ru.de  pins  then 
run  or  the  spiral,  alter  tne  posit!  r.s  of  t  <•  l"verr  and  f  th*3 

r.l  oro.nnr'i1  1  ol  r  S’  i>  *■  <->  .*  (.•  >  •  /»  V  n*'»>  *  •->  *■  <>  I  3  •  e  *  ,*  ’  S  —  h  4'rn-r  t’.f1 
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diametrically  opposite  dial  rrnduat ic ns .  As  the  plane-parallel 
plates  ore  at  an  anrle  *  he  light  is  deflected  urtil  the  images  of 
the  d  iaretri  on  1 1  y  of  ;  orl  to  dial  rr  ua  •  .  c  •  •  co'nciuo.  iVhen  tne 
inores  hav*  coincided  r»*aairrr  are  *•  v»-n  fror  t.ae  dial  and  the 


seconds  disc. 


Chapter  2 

A  PRIEP  DESCRIPTION  CP  THEODOLITE  ASSEMBLY 


5.  Manufacture  of  axial  systems 
A  description  of  the  process  of  assembling  an  optical 
theodolite  would  be  very  long  and,  therefore,  we  describe  only  the 
assembly  of  the  main  oub-anremblies  and  the  preliminary  assembly  of 
the  instrument. 

The  most  important  metal  parts  and  components  of  the 
theodolite  are  the  vertical  and  horizontal  axis  systems.  Manufacture 
of  the  parts  of  Ur)  horizontal  axis  is  a  complicated  process  which 


calls  for  groat  accuracy  in  order  that  the  parts  shall  fit  on 
assembly.  Manufacture  of  the  components  of  the  vertical  axle  (the 
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complicated  proceor.  in  which  particular  attention  must  be  paid  to 
grinding  and  lapping  in. 

The  requirements  which  apply  to  the  components  are  very 
severe,  for  example,  the  eccentricity  of  the  dial-bearing  part  of 
the  dial  bush  relative  to  the  centre  line  of  the  part  should  not 
exceed  0.00?  mm  and  the  clearances  between  the  axis  and  its  main 
bearing  ard  between  the  rain  bearing  and  the  dial  bush  should  not 


exceed  0 .002  pin  . 


The  axis  and  main  bearing  are  made  of  steel  grade  38  KhMYuA 
and  their  general  method  of  manufacture  ie  as  follows.  The  blanks 
are  annealed  at  a  temperature  of  820-85O°C  for  three  hours  and  are 
tnen  cooled  in  the  furnace  to  ^00°C.  They  are  rough  machined 


leavirr  an  al  lov-once  of  ?-5  tn  and  fire  then  heat  treated  by 

nardcning  at  r*50°C  using  oil  and  <•  da-r  an  the  cooling  medium  and 

4  inp;  at  60C°C  -  650°C  using  air  aa  cooling  medium.  The  hard- 

ra-'M  on  the  •;  scale  should  be  not  less  thun  P7).  After  hoot 

c 

•  raatront,  parts  are  f in i sh  machined  except  for  placer,  which  require 
minding  wl’h  an  allowance  of  0.(-0.n  mr. .  The  “elercope  socket  is 
■  irticularly  difficult  to  :  .ci.ine. 

The  components  are  t..en  five;  a  stabilising  4empering  at 
; b°C  for  nix  hours  wl4h  cooling  in  the  furnace  to  relieve  stresses 
a :  d  to  prevent  subsequent  ntr'ain.  Surfaces  re^uirinr  it  are  then 
*r  ur.d  with  an  allowance  of  0.?  mr  on  t:.e  diareter;  they  t  re 
d  rilled,  bored,  inroad::  are  rut,  etr  . 

Ir  ha't  ivt!  coatings  are  opr  lied  to  toe  telescope  socket  end 
to  the  vei’ical  turntable  hous.nr  at  placer  which  should  not  be 
ni trided  and  local  nitriding  in  ther  applied.  Nitriding  gives  a 
.  urf..v.t-  h«i  di.wa.M  of  aoout  i-w  or.  f  he  K  ncale  and  ‘he  depth  of  the 
ni  4  rided  layer  is  0.5  rr..  Ti.e  parts  are  then  painted  and  finish 
mound  witn  allowance  for  lHni-nr* 

The  parts  are  a.  sin  carefully  inmect.ed  after  the  final 
grinding  as  alignment  and  parallelism  tolerance1'  for  surfaces  are 
of^en  of  the  rder  >f  0. ('01-0, 00?  nn.  The  inrpec'ed  parts  are  cade 


.  p  into  s e t  n . 


‘  fter 


the  vertical 
dial  hushes) 


finish  grinding  of  the  holes  ( t.ie  telescope  socket, 
♦"urntalle  sousing,  the  vertical  axis  r.  in  bearing  and 
they  are  lap  •  ed  with  suitable  rat-rials  ar.d  checked  for 


a  1  i  current  and  eccentricity.  Crly  tu<*n  i:  the  turntable  '.earing 
.  rf  ace  finish  mound  with  tne  v**r‘ical  turn4  able  housing,  tne 
m  i  c  re"  •  f  (  r  1  e  a  r '  r.r  w  i  th  t  .e  *■  e  1  e  r c 1  re  socket  a :  d  the  vn r t i c 1  axis 


with  its  main  bearing,  leaving  lapping  allowances.  The  parts  are 

then  lapred  with  emeries  from  No. 160  to  No. 240. 

The  hearings  and  vertical  axis  of  the  instrument  are  finally 
polished  to  mirror  finish  with  a  paste  containing  chromium  oxide. 
After  lapping,  the  axial  systems  are  Bade  up  into  sets  and  finally 
inspected  for  clearances,  alignments,  quality  of  lapping,  etc. 

6.  Assembly  of  lower  part  of  theodolite 

The  process  of  assembling  the  lower  part  of  the  theodolite, 
like  that  of  the  other  parts,  consists  of  preliminary  assembly 
before  the  parts  have  been  finished  and  final  assembly  afterwards. 
The  object  of  the  preliminary  assembly  in  to  match  the  parts  and  to 
seat  then  to  one  another.  The  carrier  base  is  secured  to  the 
carrier  by  acrewe  and  then  the  carrier  is  mounted  in  a  lathe  and  is 
screwed  on  to  the  mounting  thread  which  is  held  in  the  lathe  chuck, 
then  holes  are  turned  in  the  bottom  of  the  carrier  and  a  ring  is  cut 
under  the  mounting  of  the  illuminating  prism  and  condenser. 

The  clamping  sleeve  is  screwed  on  to  the  carrier,  the  alidade 
clamp  of  the  horizontal  dial  is  anrenbled  and  the  clamp  is  lapped 
with  the  clamp  bush.  When  the  levelling  screws  ere  assembled  their 
threads  are  lapped  to  give  smooth  running.  The  mechanisms  for 
moving  the  dials  and  the  illuminating  sleeve  and  contact  are  at  lcbed 
to  the  carrier. 

The  lenses  of  the  horizontal  dial  microscope  objective  are 
rolled  into  their  mounting  on  a  lathe  with  special  fittings.  The 
slots  in  the  mountings  of  the  alidade  prisms  of  the  horizontal  dials 
are  matched  to  the  prisms,  drilled  and  holes  a^e  cut  under  the  lock 
and  adjusting  screws.  The  apsembliss  are  then  dismantled,  marked 


with  the  number  of  the  carrier,  and  sent  for  plating  ar.d  painting. 

After  the  components  have  been  finished  the  adjusting  plate, 
the  levelling  i, crews,  the  horlmdal  dial  alidade  clamp,  the 
illuninatirg  sleeve  with  crnh'^t  ar.d  <  ‘her  sub-assembl ies  are 
finally  assembled. 

Prills  are  pn  red  throurh  holes  in  the  vertical  axis  main 
bearing  tw  mark  out  ar.d  drill  holer  in  the  carrier,  holes  uneer  the 
screw-threads  in  tne  hulf-ri-  gr  which  farm  the  }  earing  for  the  dial 
rleeve,  ord  aim  t  .reads,  are  cut  in  the  half-rings  under  the  screws 
to  secure  tne  vertical  axis  main  bearing  to  the  carrier  and  to  the 
half-rings . 

Tne  conta c*  'nn?  and  clanping  sleeve  are  attached  to  the 
carrier,  tne  electrical  runts  are  assembled ,  4  he  plu  *  socket  and 
mounting  with  lighting  rrisr  and  condenser  are  attached  t  f he 
bottom  of  the  carrier. 

7.  Assembly  of  the  centre  mart 
of  the  theodolite 

Preliminary  assembly  of  ’he  centre  mart  of  tne  theodolite 
consists  in  natching  the  mountings  for  the  optical  components,  in 
fitting  the  assemblies  on  the  s'  i.'.d,  in  lanrinc-  the  ’  -  •••scope 
adjusting  screws  ar.d  the  level-settirr  :  crew  to  ensure  smooth 
running  and  in  assembly  of  the  alidade  levels  cf  the  .tori  r.on  t  al 
dial.  The  rositions  of  the  holer?  ur  •'■  r  t:.e  ti.read  for  the  screws 
which  fix  the  vertical  axis  t  ,  the  instrument  s^ard  ure  rr.  ,rked  out 
a  - d  later  drilled  ' rough  holer  in  *:.e  v*  :‘:c  >l  axis. 

To  r.ar’^  out  the  holes  *  he  ’'ousting  r  f  the  alidade  prims  is 
inserted  in  fh*'  ver'  ic /  1  ,xi‘'  and  *:.*•:,  ‘  :  e  moi.-  ting  and  exin 


together  are  hc rawed  into  the  stand.  Forking  out  of  the  holes  to 
be  drilled  in  the  stand  is  done  with  a  drill  which  runs  through 
and  fits  the  holes  in  the  vertical  axis.  After  the  holes  have  been 
tapped  the  vertical  axis  is  secured  to  the  stand  by  four  screws 
end  the  alignment  is  checked  by  screwing  the  mounting  for  the 
horizontal  dial  alidade  prisms  into  the  stand. 

Holes  in  the  swivelling  prisn  of  the  horizontal  dial 
micropcope  are  used  to  mar^  out,  drill  and  tap  the  holes  for  the 
screws  which  fix  tr.e  mounting  to  the  stand.  The  mounting  with  the 
prism  is  then  fitted  in  the  stand.  The  guide  plate  is  secured  to 
the  alidade  guide.  The  dial  image  selector  mechanism  is  assembled 
on  the  wall  of  the  right-hand  upright  of  the  stand.  Holes  for  the 
screws  which  secure  the  wall  to  the  stand  are  marked  out  through 
holes  in  the  walls,  and  *hen  drilled  and  tapped  and  then  the 
selector  prism  is  fitted  and  tVie  w»n  ^ith  the  selector  mcc hariimu 
is  fixed  in  the  right-hand  upright  of  the  stand  (CL)  by  screws. 

A  mounting  with  cover  glass  is  screwed  to  the  other  side  of  thia 
column . 

The  screw  which  sets  the  vertical  turntable  level  is 
assembled  on  the  left-hand  upright  and  the  telescope  adjustment  screw 
on  the  right-hand  one. 

The  horizontal  dial  alidade  level  in  ita  mounting  ie  fixed  to 
the  lower  part  of  the  stand  in  such  a  way  that  the  level  adjustment 
screw  is  on  the  left-hand  upright  to  which  the  mounting  of  the 
swivelling  prism  of  the  vertical  dial  microscope  12  has  previously 
been  fitted  and  the  mounting  for  the  components  of  the  vertical  dial 

microscope  objective  13  (Fig.*)  are  screwed  in. 


8.  Assembly  of  the  upr part  of  the 
theodol i te 

Tnis  part  of  *  he  instrument  is  the  most  difficult  to 
manufacture  and  assemble.  The  principal  components  of  the  urper 
yurt  of  the  theodolite  are:  the  horizontal  axis  system,  the 
"elescope,  the  optical  micrometer,  tne  alidade  lev<‘l  of  the  vertical 
turn 'able*,  the  telescope  clamp  and  the  reading  microscope. 

I  rel  lnirary  assembly  c<  r.niotn  in  lory  in  g  the  ‘oleacope 
seaMr.g  in  the  telescope  socket  until  *  ;.e  hole  in  the  telescope 
wall  is  opposite  the  bearing  f  the  vertical  turntable.  The 
‘elercope  clomp  is  la:  r>ed  in  its  seating  and  the  mounting  of  the 
focusninr  component  of  the  ’elencope  objective  is  la:  :  ed  in  after 
w:.:ch  the  focussing  lens  (focussing  component)  is  fixed  in  it3 
"  .  u  n  t  i  n  g  . 

The  telescope  is  finally  fixed  in  its  socket,  the  cosing  ie 
fi‘‘ed  on  it  and  t.,cri  the  1  <ch/ininn  wh  ch  noven  the  focusalng 
mounting  is  oncer, bled.  ~:.is  consists  of  a  threaded  slide  block  and 
focussing  ring,  then  the  stirrup  which  secures  the  i coding  microscope 
to  the  teleacoj e  in  fitted,  the  nountinr  with  the  graticule 
adjusting  screws  In  fitted  and  the  eyepiece  is  screwed  in.  Finally, 
the  ’■elencoye  is  adjusted  and  asserbled. 

Holes  me  cut  ir  the  clamp  of  the  vertical  dial  alidade  levels 
at  the  diameter  of  bearing  of  the  mountings  for  the  vertical  dial 
alidade  prisms.  The  lightlr.r  mounting  is  fitted,  after  wn:ch  the 
Jrme  with  level  and  yrisrn  system  which  4ra:isnlts  the  image  of  the 
ends  of  the  bubble  is  fixed  to  the  level  clamp. 

The  first  corpor.ent  of  the  microscope  obj-c'ive  11  (see 
Fi g , 3  )  in  i  ir  i  ountinr  is  first  1  -  r 4  a  1  i  aC  in  the  mounting  of  the 


vortical  dial  alidad©  prisms,  and  then  the  alidade  prisma  10  are 
pre-assembled  and  are  secured  by  screws  to  the  mounting  for  the 
condenser  ?,  the  lighting  prism  6  and  the  pism  2.  The  components 
are  previously  wired,  the  electric  wire  is  passed  through  the  base 
and  the  turntable  bearing. 

mne  prism  cf  the  reading  microscope  30  is  fitted  in  its 
mounting  and  fitted  into  the  telescope  socket.  Finally  the  reading 
microscope  is  assembled,  passed  through  the  stirrup  and  screwed 
into  the  telescope  socket.  All  the  upper  port  of  the  theodolite  is 
finally  assembled  after  adjustment. 

9.  Assembly  of  the  optical  micrometer 

Assembly  of  the  optical  micrometer  commences  with  fitting  of 

the  lever  bridges  in  the  micrometer  mounting.  The  holes  under  the 
cam  are  lapr*d  to  ensure  smooth  running  without  rocking.  Preliminary 
assembly  consists  in  fitting  the  micrometer  bridge  ard  levers,  and 
in  fitting  the  springe  which  press  the  lever  guide  pine  against  th© 
spiral  surface  of  the  cam.  These  parts  ere  then  dismantled  and 
marked  with  the  micrometer  mounting  number  and  sent  for  finishing. 

After  the  micrometer  has  been  adj*  >ted  the  plane-parallel 
plates  ere  fixed  into  the  lever  Beatings. 

The  following  optical  parts  aro  fitted  on  the  micrometer 
bridge:  the  dividing  unit,  the  priem  which  transmits  the  images  of 
the  dial  graduations ,  the  prism  for  illuminating  the  seconds  disc, 
the  collecting  lens  of  the  reeding  microscope  and  the  seconds  disc 
which  1 8  fitted  to  the  cam  shaft. 

The  optical  micrometer  is  finally  assembled  after  the  sub- 
assemblies  have  been  adjusted  and  laboratory  tests  have  been  made. 


Chapter  3 


TESTING  THEODOLITE  CT-02 
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10.  Checking  the  travel  of  the  level  line 

and  micrometer  screws 

Before  proceedi-p  to  worl' ,  check  the  travel  of  the  levelling 
and  micrometer  screws,  tne  trav'  1  of  the  instrument  axes,  tne  level 
in  the  stand,  and  examine  *  -rirou.  Tne  levellirg  and  n.icrone  ier 
rciexs  sh  uid  *-,rav^l  freely  without  rocking  or  \  indinr.  Tne  travel 
of  the  levelling  screws  in  correct'd  by  tne  adjusting  screws,  tne 
travel  of  the  micromot'T  adjusting  screws  1 3  adjuo'ed  by  strings 
in  the  nut 5'  and  .-/ashers  of  t!ic  adjusting  screws. 


il.  ChecVl’r  the  instrument  axes 
The  instrument  axes  mould  rotate  freely  and  smoothly  without 
bindi.nr  '  r  rocking.  After  tne  alidades  of  the  horizontal  dial  nave 
teen  turned  3-"0°  about  a  vertical  axis  the  l-.vel  tutble  on  t:.e  ■  ta:  d 
should  not  nave  moved  by  more  than  1 .0  divisions.  Excessive 
oscillations  of  the  vertical  axis  can  only  be  corrected  in  ♦'he 
factory. 


12.  Ch“Cvirv  the  level  . n  the  •  md 
"’he  cylindrical  levl  of  t  e  horizontal  dial  alidade  i  ;> 
checked  in  the  sual  wav.  Tne  level  is  first  aliened,  in  the 

direction  of  the  two  levelling  screws,  the  tub1  le  is  brought  to  the 


If  there  ie 


centre  and  then  the  alidade  ie  turned  through  180°. 

any  change  in  the  level,  I  elf  the  correction  is  made  by  the  level 
adjuating  ecrew  and  the  other  half  by  the  levelling  screws. 

Checking  is  continued  until  the  bubble  remains  in  the  centre  on 
turning  through  180°. 


13«  Examination  of  tripod 

Before  commencing  work  examine  all  the  Joints  in  the  metal 
and  wooden  parts  of  the  tripod.  It  is  very  important  to  ensure 
that  there  is  no  play  at  the  places  where  the  tips  are  Joined  to 
the  knife  edges  of  the  tripod. 

14.  Checking  the  quality  of  the 
image  in  the  .elescope 
objec  ti /e 

Besides  making  the  checks  mentioned  above,  if  the  theodolite 
has  been  roughly  hendled  in  transit  or  if  the  adjustment  has  been 

disturbed,  ^neck  the  quality  of  the  images  of  the  telescope 
objective,  the  microscopes  of  the  horizontal  and  vertical  dials, 
check  t.if  setting  of  the  graticule  in  the  telescope  and  the 
vertical  turntable  level,  the  angle  between  the  horizontal  axis  and 
the  vertical  axis  of  rotation  of  the  instrument,  the  magnitude  of 
*"he  collimatlon  error,  the  travel  of  the  focussing  lens,  the 
eccentricity  of  the  dial  and  alidade,  and  the  run  of  the  dial 
mlc i oscopes . 

T:*e  telescope  objective  image  should  be  sharp  over  two-thirds 
of  the  field  of  vieion.  This  may  he  checVed  by  examining  a  sharply 
outlined,  distort  object  against  the  background  of  tue  sky. 
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The  centering  of  the  telescope  optical  nys ter  is  checked  by 
examination  of  a  star.  The  tube  focussing  in  altered  ar.d  the 
i "./!►  e  of  the  at or  is  observed.  In  a  well -centered  system  the  image 
of  the  ptar  ahould  be  a  true  circle  both  before  and  behind  the 
fccnl  plane  of  the  system. 

15.  Chec’-'irc'  toe  microscopes  of  the 
horizontal  and  vertical  dials 

The  duality  of  fhe  ir/i.-e  of  the  horizontal  dial  microscope 
in  first  0.  h»c  W*d  y  particular  a*  mention  tel  nr  paid  *  o  the  following. 

1.  hen  the  pecor.dn  dire  ifi  net  to  the  7u*r  mark  toe  index 
of  the  optica]  micrometer  should  eitoer  coincide  w.th  toe  combined 
imarer  of  toe  diametrically  opposite  dial  graduations  or  should  be 
oolf-way  be*  v;een  them.. 

?.  There  rust  be  no  darken: nr  of  toe  ed -ep  of  the  field  of 
toe  reading  microscope  aril  the  illumination  should  be  uniform  ov  r 
‘he  whole  field  of  vision. 

1  .  "hue  line  of  seraration  t  etwee:  the  up  and  low;  images 
of  the  d  i  pc  grodu  •*  tionn  phould  te  f  i :  •  •  ,  ntraicr.t  and  without 
noticeable  thick  nirg. 

4,  Tue  ir  i«  ep  of  the  dial  calibration  must  not  he  tent. 

5.  Toe  images  of  calibration  lir.es  of  the  dial  and  the 
records  disc  mould  both  be  visibly  sharp  ani  ‘opether  without 
refocus  sing  *  he  eyetiece. 

The  vertical  dial  ric  10 scope  is  cti**c>eu  ir  Just  t.e  same  way 
a r  that  of  he  norizor'nl  dial. 
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16.  Checking  the  setting  of  the  telescope  graticule 
The  teleocope  graticule  in  checked  with  e  plummet  and 

corrected  with  the  adjusting  screws. 

17.  Checking  the  angle  between  the  horizontal  and 
vertical  axes  of  rotation  of  the  inetrument 

The  horizontal  axis  of  theodolite  0T-02  should  be 

perpendicular  to  the  vertical  axis.  Therefore,  the  theodolite  is 

carefully  checked  for  the  level  of  the  horizontal  dial  alidade  and 

the  position  of  the  bisector  is  observed  relative  to  the  plumb  line 

when  the  telescope  is  turned  about  the  horizontal  axis;  corrections 

can  only  be  made  in  the  workshop  or  factory. 

18.  Checking  the  vortical  turntable  level 
The  position  of  the  zenith  is  determined  in  the  ueual  way  and 
corrected  by  the  level  adjusting  screw  26  (Pig.1).  The  vertical 
turntable  ia  sub-divided  into  sectors  88  shown  in  Pig.0.  It  may  be 
seen  through  the  reading  microscope  (with  Ck)  that  the  numbers 
marked  apainst  the  graduations  increase  in  the  counter-clockwise 
direction  in  the  right-hand  upper  sector  and  diminish  in  the  clock¬ 
wise  direction  in  the  lower  rif  ht-hand  sector.  The  optical  aocis 
of  the  telescope  is  horizontal  when  the  vertical  dial  reading  ie 
90-90°.  The  sun  of  the  readings  with  CR  and  CL  should  be  180°, 
otherwise  it  Indicates  that  M  ia  not  zero. 

Zi 
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1°.  Correction  of  colliration  error 

Coll  Ination  or-  ~  in  de*orrineri  in  the  urual  way: 
dlnpln  .  *»nt  of  the  .  »t:cule  r.ountiny  in  corrected,  w..eri  this 
If  done  trie  pmbicule  ad.iuntirr  rcr**wn  rhould  r.  t  be  burned  too  ^ 

far  f  an  t  ovoid  ."•’rav  which  could  alter  t:  *"*  r  ol  1  i  r- a  *•  i  on  error. 

'..'ben  the  coll  ir.nti' n  error  r  an  leer  corrected  checb  :  ;.at  t:.e 
rra*"icule  netting  i.£  not  disturbed  rela*.ve  to  the  p  1  ur  et. 

,  PC.  CnecM  r.r  t:.e  tr  re  1  of  the 

focupninc  1  er  r, 

Incorrect  travel  of  t.v  focunri’r  lenr  cuneo  n:i  errcr  uh  ch 
is  ecuivaler.t  in  effect  bo  tele'c<we  col  1  ir.at ion  error.  "ne 
magnitude  of  thin  error  in  let-  ri  ired  in  the  following  way:  tae 
telepcope  s  fire*"  nir-ed  at  a  rerobe  point,  y  r*.* f erably  or.  the 
horizon,  and  t no  rourtinr  of  the  focurnirr  lens  will  he  cl  re 

% 
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to  on©  extreme  position.  The  tub©  is  th©n  slued  at  a  seal©  which 
i©  a 1  a  distance  of  5-^>  metres  frou  th©  theodolite,  and  th©n  the 
focussing  lens  mounting  will  be  close  to  the  other  extreme  position. 
Then  transit  the  tube  througn  the  zenith  and  repeat  th©  procedure. 

The  difference  between  the  reedings  (with  th©  two  psoitiona 
cf  the  turntable)  on  the  remote  point  (CL^  -  CR^  •  2 c^ )  and  on 
the  scale  (CLp  -  CU^  •  20^)  fives  twice  the  error  of  travel  of  th© 
focussing  lens 

2  -  2cp  -  2c  ^  . 

The  error  can  be  corrected  only  in  the  workshop  or  at  the  works. 

21.  Checking  the  eccentricity  of  dial 

and  alidade 

The  eccentricity  of  dial  and  alidad©  is  determined  from  the 
difference  between  micrometer  readings  when  diametrically  opposite 
grs  uations  are  made  to  coincide  and  when  one  of  them  is  mode  to 
coincide  with  the  micrometer  index.  Eccentricity  can  be  corrected 
only  in  the  workshop  or  th©  factory.  The  procedure  for  determining 
the  eccentricity  la  described  in  the  special  literature.* 

22.  Checking  the  run  of  the  microscopes 

The  magnitude  of  the  run  is  determined  in  the  following  way:** 

make  the  zero  nark  on  the  seconds  disc  coincide  with  th©  index  of 


*  Ch.Yu.  Vitozhents.  Methods  of  investigating  ortical 
the  ~)dol  ltos  ,  Moscow,  1°47. 
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Instruction  for  first-class  trlangula tlon ,  3rd  edition. 


micrometer;  ma’-e  images  of  di  am<'  trical  ly  opposite  graduat  lor  s  of 


t n e  dire  col 

rcida  \  y 

turn  i 

the  ■ .  d  d  u  s  ti  n  >  *  5i 

crew 

of  t!ie  horizontal 

d  i  a ’  alidade 

d  n  ■  1 

»ce  t:.e 

ir-ir-  r  of  tae  di 

rc  rr 

ad  .  a  t : r r  •  one 

d  i  vi  s  i  or.  ur  ‘ 

1  a  i  n 

tr.e  dl  1 

me  trical ly  on; os 

its 

r  a  “ *  ions  again 

coinc . d e  b v 

rot a ti n 7 

the  '  1  C 

ror.etei  -not . 

^  ; ,  0  r  e 

id  1  '  r  on 

tae  S“C 

onds  d4?c  should 

;  •  :i 

be  GO,  if  it  is 

r.  re  cr  less 

t : .  a n  GO 

ti  en  ru 

r.  :  s  i  rose:  t  in d 

tb  i  s 

can  be  corrected 

only  in  the  workshop  or  at  the  factory. 

25.  Investigation  of  the  optical 
micrometer 

Investigation  of  systematic  errors  of  the  optical  micrometer 

To  no>e  *he  j  n  ver  ti  vat  ion ,  measure  a  mall  angle  with  the 
‘heodolite,  make  the  reanumnent  a  whale  number  of  tinea  within 
the  rarf  of  the  complete  noale  of  the  second?  disc  of  the  optical 
m.cr  meter. 

In  the  procenp  of  rcaouring  toe  angle  the  images  of  the  same 
graduation  lines  of  the  horizontal  dud  are  race  to  coincide; 
betw-er.  nettir.rn  reset  tae  dial  in  such  a  way  tha*  when  the 
telescope  is  brought  up  from  the  left-  or  right-hand  ride  the 
micrometer  readings)  differ  vy  d  5  divisions  <f  tr.e  seconds  dire. 

1  tore  tbor  ,  four  forward  and  four  reverse  movements  are  cade  in 
four  s  e  1 1 1 n g  o . 

"'ave  the  micrometer  readings  and  work  out  the  results  of  the 
measurement  by  the  nr  cedure  described  in  the  Instructions  on 
Tr  1  a  ngu  1  a  1 1  on  ,  Classes  1t2,3>  and  4  (1°55  edition,  p.100). 

Take  the  mean  value  of  v  of  the  four  readings  obtained  at 
eacn  setting;  it  should  not  exceed  one  second. 


During  the  production  of  theodolite  0T-02  under  works 
laboratory  conditions,  systematic  errors  of  the  optical  micrometer 
are  examined  by  the  collimator  graticule  with  a  scale  division  of 
the  order  of  11  seconds  per  division  of  the  seconds  disc. 

De termlnat icn  o f  errors  of  coincidence  of  dial  graduation  images 

Errors  of  coincidence  depend  mainly  on  the  experience  of  the 
observer  and,  ti.ere'o re,  cannot  always  be  attributed  to  defects  in 
the  theodolite.  Determine  the  error  of  coincidence  of  images  of 
calibration  lines  on  the  dial  with  various  settings  of  the 
horizontal  end  vertical  dial  alidades,  using  two  coincidences  for 
each  and  record  ti.e  differences  between  the  corresponding  micrometer 
readings.  Tee  order  in  which  the  readings  are  taken  and  the  method 
of  working  them  out  are  given  In  the  Instructions  on  Tr iangulation. 


Claeses  1,2,3  and  ^  (1955  edition,  p.101). 

The  standard  error  of  a  single  coincidence  of  lmuges  of 
graduation  lines  in  theodolite  CT-02  should  not  exceed  0.3  seconds 
for  the  horizontal  dial  microscope  or  0.6  seconds  for  the  vertical 
dial  microscope. 

Determination  of  backlash  In  the  optical  micrometer 

Backlash  in  the  optical  micrometer  is  determined  with  various 
nettings  of  the  horizontal  dial.  Make  the  images  of  the  lines 
coincide  twice:  once  when  the  seconds  disc  is  rotated  clockwise 
ar.d  once  counter-clockwise. 

Between  individual  settings  turn  t.’.e  alidade  through  15 
degrees  and  the  seconds  disc  ♦'hrough  5  seconds.  Tne  mean  of  the 
difference  'right  minus  left'  characterises  the  systematic  part  of 
the  optical  micrometer  backlash  and  *he  standard  error  of  the  mean 


difference  characterises  the  error  of  determination.  In  theodolite 


CT-C2  individual  'right  minus  left'  di ffer er.ces  should  he  from 
-d  second  to  ♦I  second.  "'he  ori.er  In  whir!,  the  readings  are  token 
ord  the  me*  hod  of  wor'-'inr  then  out  /ire  ,-iver  in  the  I  nst  ruction  on 
Trianru lotion,  Classes  1,2,*  and  h.  ("’rir>5  edition,  p.*02). 

2^.  Invest i rat  ion  of  total  diare’er 
errors  of  horizontal  d:  •] 

The  total  diameter  err  rr  of  tl.»*  horizontal  dial  of  theodolite 
CT-02  determined  !  y  the  method  propos*  !  by  f, . }  .  Fliseyev,  by 
measuring  the  angle  leV.-eer  fwo  collim  tors;  "he  determination  is 
repeated  after  xajor  overhaul.  Examine  fhe  dial  at  in' ervals  of  3° 
and  measure  angles  of  36,  and  <0°  in  individual  series  at 
different  places  on  the  dial. 

For  example,  hne  fi: •?  t  series  for  the  ’  g_  * f >°  includes 

o 

meu  surements  mode  with  initial  settings  of  0,  36,  72,  IQh  and  1h-h  . 
The  angles  ore  measured  with  the  following  initial  settings. 


Angle  36° 

Angle  4‘j° 

*ng’ie  t0° 

0°  .  w 

l 0  •  * 

o°  . 

* 

36°  ♦  # 

^  j  '  •  * 

to  . 

7?°  •  * 

<4r  3  .  * 

i;c->  ♦ 

* 

W  .  * 

13^  •  * 

K<.°  .  * 

where  the  value  of  *  is  0 ; 3 ; 6 ;? ;  .  . . 177 . 

Thus  the  programme  of  measurement  of  each  angle  includes  GC 
eerier.  Two  angle  no..r:  regents  are  mat  e  for  each  setting  of  the 
dial.  "'ll©  men nu re ment r>  of  a  nartlculur  series  are  made  in  the 
ordinary  way,  continuously,  one  after  another:  one  series  is  made 


first  in  the  direction  indicated  and  then  the  second  series  in 
the  reverse  sequence. 

Determine  the  mean  value  of  the  measured  angle  C  for  each 
series.  For  instance,  for  C  **  60  degrees  3  degrees 

r  — 

”  3 

where  A3  is  the  value  of  the  angle  C  measured  with  the  initial 

setting  of  3°  etc.  The  following  differences  are  also  calculated 
rt=:C-At-  =  —  C  —  A)m. 

The  index  '6'  indicates  how  rr.anjr  times  the  angle  C  is  laid 
out  round  the  circumference .  The  differences  1  which  are 
obtained  are  used  with  the  corresponding  formulae  to  determine  the 
diameter  correction  *  .  This  correction  is  the  mean  of  the 
diameter  correction  corresponding  to  the  graduation  ?  and  the 
adjacent  graduation. 

l  — io  2/*%  ^l%+oo  4- 1M 

f  “ - 5 - 

•)  _  ~  j» 

f  4 

3.  «i%  =  ~  2/*»  Z 

f  3 

4  4-»V.*  4*  »Vi*  4- »Vi «+»Vu4 

«.»'•  -L.  4-  m19  . 

5  — 10  j  _.**  O'**  O  +  l  Ob 

o 

6.  =  0.4«,%  -|-  0Am*-'\  +  0,6«9t+0,6«*‘0% 

7  Mt,io  _  •%  4-  «V,»4-*»%+*4  4-  ...  4-  -Vm  +  *Vi» 

9  I 


% 


.39 


—  V)  i  i  _J0 

0  — «0»  *  *  ’  ®  **44  '  "  »♦«  +  ■  f-f  I* 

f~ -  --4 

^  1  I  '  9 

9.  (?)  .-=  3  «•.+  }  .,■»•  -  ‘  v->*° 


-fc® 


*  *  J  3“"  * 


The  control  formulae  are  as  follows. 

lml\  -  lu>\  =  2xd‘?  =  Z»k9  =-■  Z(j)  =  0. 

The  total  diameter  errors  of  optical  theodolite  dials  type 
CT-02  rhould  not  exceed  ♦I" .5. 

25.  Inveotiration  of  phort  r  eriod  errors 
of  division  of  the  horizontal  dial  of 
theodolite  0?-0 2 

More  detailed  investigation  of  dials  ind ic a  tea tha t  diameter 
errors  which  lie  within  the  :  m  *es  between  which  delerninat lone  are 
made  vary  in  a  periodic  r  (inner,  with  a  ;  »*:  iod  which  is  rhorter  than 
the  interval  het/eer.  diarc’err,  ir  vest!  pat  e«i .  Therefore,  these 
errors  and  their  periodicity  carrot  he  determined  if  the  dial 
diameters  are  invert!  pa  ted  over  a  comparatively  larpe  interval 
(5»  ?  or  1°N.  Error  of  this  ^ind  are  called  short  period  errors. 

?y  the  error  of  «ir  interval  between  adjacent  graduations  on 
the  dial  we  mean  the  d. rf crence  between  the  nominal  end  tr -e 
values.  Shor*  ;  eriod  err  rn  result  .  rom  error.1’  in  the  pu:de  screw 
of  the  dividing  r.achine  and  also  from,  incorrect  c.ttir.p  of  the 
threads.  This  latter  is  rartic  larly  important  in  graduating 


JO 


metal  dials.  In  inveatigat ing  optical  theodolite  0T-02  attention 
must  be  directed  to  the  order  of  setting  of  the  alidade.  For 
example,  in  order  to  measure  the  intervale  0o0,-0o^'  and 
180°0 ' -1P0°4 '  by  means  of  the  optical  micrometer,  set  the  seconds 
disc  of  the  micrometer  to  zero  and  make  the  diametrically  opposite 
lines  of  and  1P0°4*  coincide  approximately  by  turning  the 

alidade,  then  taVe  readings.  The  short-period  error  should  not 
exceed  *1.5".  The  sequence  in  which  readings  nhould  he  made  (  nd 
the  method  of  working  them  out  are  given  in  the  Instructions  on 
Triangulation ,  Clao;-HS  1,2,3  and  ^  (1955  edition,  p.113). 
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Charter  4 


c;r:cKi::G  c?  t: :bc dclite  ct-o 2  dl’kitig 
rAix’FAC'URS  a::d  r  ft  air 

?f>.  Fitting  t..e  horizont:)l  dial 

The  r  rocess  of  iirol  tin"''  1  1  v  >nd  adjustr «nt  of  an  optical 

theodolite  includes:  fitting  of  4  he  horizontal  dial,  fitting  of 

the  vertical  dial,  aspe'  11  •  and  adjustment  of  hr  e  telescope 

objective,  adjur.tr. e  t  of  ‘he  optical  r  icrorr.eter,  adjuatment  of  the 

reading  micrometer  priam,  adjustment  of  tne  optical  system  of  the 

horizontal  dial  microscope,  checking  that  the  telescope  horizontal 

axis  is  perpendicular  to  the  vertical  axis  of  the  theodolite, 

adjusting  the  optical  system  of  tne  vertical  dial  it i croscope  , 

fitting  of  the  dioptric  ring,  fitting  of  the  graticule,  determination 

of  M  of  the  vertical  dial,  checking  the  colllmation  error  . 

z 

When  the  dial  i r.  fitted  it  in  centered  op  the  dial-hush 
relative  to  the  vertical  axis  of  tie  instrument  with  the  following 
conditions  that  the  eccentricity  of  the  horizontal  dial  should  not 
exceed  10"  and  of  the  alidade  P O"  . 

A  device  which  is  us**d  to  centre  t.he  dials  is  illustrated  in 
Fig.Q.  The  bane-plate  ir  supported  on  three  levelling  screws  and 
carries  two  base-blocks.  In  each  base-block  there  is  a  microscope 
upright  and  the  microscope  can  he  moved  radially  or  vertically  by 
rad  tn.d  pirion.  The  microscope  uprights  are  set  on  a  strui  ht  line 


which  passes  through  the  centre  of  the  device.  The  knob  'a*  ia 
turned  to  drive  the  microscopes  radially  and  the  knob  'b*  is  turned 
to  drive  then  vertically.  The  microscopes  are  provided  with 
micrometers.  The  graduations  on  the  dials  are  illuminated  by  lamps 
ir  the  holder  ’c'.  Special  screws  'd'  with  ebonite  tips  are  used 
to  drive  the  horizontal  dial.  To  centre  the  horizontal  dial  the 
vertical  axis  of  the  instrument  is  set  up  on  the  device  shown  in 
Pig. 9  by  four  screws.  A  separator  is  fitted  to  the  axis  and  balls 
are  poured  in  quickly.  Then  the  vertical  axis  main  bearing  is 
connected  to  the  dial  bush  by  a  special  ring  and  half-ring  which 
run  in  the  dial  bush. 


fig.  9.  Sptdtl  dtftci  for  fitting  tht  honjontil  dill  of  thoodottto  OT-0? 

I  •  upright  dri**  knot);  b  •  t'croicopt  drift  knob;  c  -  lighting  fitting;  j  -  dial  ft«d  »€*"•* 


Pirn',  of  all  t  u  e  dial  la  fitted  on  the  dial  bush  and  fixed 


with  fo.r  cl  i  -  .  Th'-r,  tne  vertical  axin  main  bearing  ard  dial  bueh 
with  dial  a  ra  fitted  on  the  axis,  the  clam:  in  fitted  on  the  vertical 
axis  tain  tearing  ard  connected  to  the  base  plate  of  the  device.  in 
i.  in  wav  ,  the  dial  tush  and  dial  can  be  turned  relative  to  the 
vertical  axin  rain  bp'irinr. 

The  nic roscope s  or»-  focussed  to  five  shorn  readings  of  the 
riduntiors  ard  t:.en  th**  <.ial  itself  is  centered  by  turning  the  dial 
b  ;sh  with  v.e  dial  relative  t'-  the  vertical  axis  rain  bearing  and 
observing  ir.  the  r.  icroncor  as  which  are  fi‘ted  wit  a  micrometers. 

"hue  dial  in  displaced  with  respect  to  the  dial  bush  by  means  of  the 
special  screws  ’d'.  The  centering  adjustment  is  continued  until 
t:.e  eccentricity  of  the  horizontal  dial  is  not  greater  toon  10’* 
ard  of  the  alidaden  ?  O" .  Only  t:.en  in  toe  dial  finally  f :  xed  to 
t.ne  sleeve  wi*h  the  four  cla  ps.  ?r  t' e  dial  is  being  fixed,  to 

avoid  deforcing  it,  It  is  checked  for  flatness  by  applying  an 
onticully  flat  test  glare  to  the  clamps  and  examining  the  inter¬ 
ference  pattern;  the  number  of  interference  rings  N  ehould  be 
not  greater  than  1-1.5. 

Tn©  eccentricity  of  the  alidades  is  checked  on  the  same 
device  by  releasing  the  clamp  which  fixes  the  vertical  axis  main 
bearing  and  turning  this  bearing  witi.  the  dial  bush  about  the 
vertical  axis.  If  the  *-cc--r  ti  icity  in  too  great,  for  instance,  by 
P 0-50",  then  under  Held  conditio/. 3  the  dial  con  be  centered  without 
removing  it  from  the  instrument.  For  thin  purpose,  the  fixing 
plate  witr.  I*  veiling  screws  is  removed  from  the  carrier  ond  so  is 


the  carrier  base  which  carries  the  pricn  17  and  condenser  18  (Pig.3X 
The  theodolite  ie  then  set  upside  down  on  a  wooden  otand  (see 

^1^.24).  The  gear  ^nob  assembly  and  protective  cover  5  (Pig.1) 

are  then  removed  from  the  carrier.  The  clomping  screws  of  the 
casing  which  fixes  the  dial  screws  are  reached  through  holes  in  the 
carrier.  These  screws  are  removed  and  the  dial  screws  are  slightly 
loosened,  the  dial  Is  displaced  in  the  required  direction  whilst 
jnder  observation  in  the  reading  microscope.  To  avoid  eccentricity 

the  dial  is  fixed  with  the  screws  and  provided  that  the  dial  hue 
not  been  dinplaced  the  dial  screws  are  finally  secured  to  the 
special  casings  with  the  clamping  screws,  by  access  through  holes 
ir,  the  carrier.  After  this  the  gear  knob  assembly  with  protective 
cover  and  the  carrier  bane  with  levelling  screws  are  anrenbled  on 
the  carrier. 


27 .  Pitting  of  vertical  dial 

Tii©  turntable  hearing  mounting  is  net  up  on  the  device  nhown 
in  Pig, 10.  Ti.e  vertical  dial  in  firnt  fitted  in  the  vertical 
turntable  housing  in  such  a  way  that  diametrically  opposite 
grade,  tiono  (°0  -  ^0°)  nrrear  ti. rough  the  centres  of  the  holes  in 
the  vertical  turntable  housing.  Thin  rubsecuently  simplifies 
location  of  the  zenith  of  the  vertical  dial.  Then  tne  turntable 
tearing  is  placed  in  the  vertical  turntable  housing  and  the  entire 
assembly  is  set  up  on  the  fitting  shown  in  Pig. 10. 

The  microecopea  are  focussed  on  the  graduations  and  the 
vertical  dial  is  centered  by  displacing  it  relative  to  the  centre 
line  of  the  turntable  bearing  in  the  vertical  turntable  housing. 


The  vertical  dial  it:  displaced  with  a  wooden  rod,  its  eccentricity 


should  not  exceed  2C"  .  After  centering  the  vertical  dial  t..e  s;rj.r.g 
wash-  r  i  finallv  clary  ed  witn  screws. 


Mg.  10.  Srecul  device  for  fitting  tKe  verticil  dial  of  ♦►redolit*  3T-C? 

2fl .  Anrer.bly  and  adjustment  of  the 
telencoj e  objective 

The  process  of  adjustment  of  toe  five  lens  tele-objective  of 
the  telescope  system  consists  in  careful  centerin’  nrd  accurate 
fitting  of  the  actual  objective*  lenses  ( t,..e  first  three  lenses)  at 
a  certain  distance  apart.  ?.,e  objective  rust  \  (*  assembled  end 
adjusted  in  such  a  ./ay  that  t„u,i'1  r**  'U'.  rcrents  are  ret.  T:.e  sir 
gaps  between  ti.e  lenses  of  tu»*  actual  object  ve  are  set  n  t:  e 
centre  line  of  the  system  by  an:  ro:  ni  i^.'-ly  locating  the  coordinate 


If, 
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points  of  the  system. 

Let  us  determine  the  influence  on  the  equivalent  focal 
length  of  alteration  in  the  distances  (or  air  gaps)  between  lenses 
of  the  actual  objective.  ?or  simplicity  •  ■  mSVt  the  case  when 

two  combined  systems  have  a  cornon  cen'<  ne,  Fig. 11. 

It  is  known,  from  geometric  optics,  that  the  rear  equivalent 
focal  length  is: 


f\  r% 

A 


and  the  optical  interval 


so  that 


» 


,  A  A 


O) 


From  equation  (1)  we  find  the  relationship  between  the  rear 
equivalent  focal  length  f'  and  the  distance  between  lenses  d  . 
Formula  (1)  is  modified  somewhat  in  order  to  determine  the  effect  on 

f'  of  a  change  of  d  . 


rir+r*r-r*=rxr+ 

Dividing  both  halven  of  the  equation  by  f'  we  have 


Differentiating,  we  obtain: 


*/•_  r 
n-rrr; 


(2) 
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whence 


Prom  formula  (3)  we  can  determine  the  change  In  the  rear 
equivalent  focal  length  as  a  function  of  change  In  the  distance 
between  lenses  (or  air  gap).  Since  the  quantities  f '  ,  fi  and 
ft,  are  constant  for  the  given  system,  formula  (3)  nay  be  written 
in  the  form: 


df‘  s=  k'dd, 


W 


where 


r”  * "  7v77 

If  the  actual  objective  has  three  lenses,  first  find  by 
formula  (1)  the  rear  equivalent  focal  length  of  the  first  two  lenses 
and  solve  the  problems  of  focussing  the  first  two  lenses.  Then 
solve  the  same  problem  f->r  the  system  of  a  lens  which  la  equi /slant 
to  the  first  two  together  with  the  third  lens.  By  way  of  chec*  the 
actual  objective  ie  checked  for  focus  and  quality  of  image. 

If  the  data  required  for  the  calculation  are  available  the 
process  of  setting  the  air  gaps  between  tho  lenses  of  the  actual 
rbJective(on  the  system  and  centre  line)  is  curried  out  in  the 
following  way.  Lens  3  -  °0 ,  the  spucer  ring  3  -  91  .  end  the  lens 
3  -  Q?  are  inserted  into  the  objective  mounting  (Fig. 12).  The 
thickness  D-,  if*  measured  on  the  objective  centre-line,  using  a 
precision  spherometer  cr  a  universal  microscope.  As  the  thicknesses 


of  the  lenses  3  -  ^0  .nd  *  -  °P  are  known  vie  nay  calculate  the 

atr  gap  bn  -  D0  -  (d~,  ♦  d7).  The  calculated  air  rap  of  4. 0146 

gives  the  necessary  thicvnenr  of  the  r  1  r p  5  -  °1,  and  d0,  d7  and 

<-  •  J 

Dp  are  'reagured  to  an  accuracy  of  f'.Or>,')  nrr. .  If  bp  is  greater  ti.an 
4.046,  'urn  down  the  spacer  ring  7>  -  °1  and  to  rear  re  ora  in  bear 
in  rind  that  the  '-nxi  run  tolerance  on  the  air  pa:  ir>  O.OOg  nn. 


Fig.  )?.  ?«d  ind  ?r d  t^’escop*  objective  Mg.  13.  lot  m!  ,>«  ‘.’l*uopf  objectiv* 

1  en  s*>  5  ir  ^j.rting  )•'  >  0  e>-'‘ing 

Having  r.easured  the  air  rap  betw*  en  the  lenses  3  -  Q0  ar.d 
3  -  Q2,  rerove  the  lenses  f ror.  the  mounting  and  ret  the  air  gar 
(Fig. 13).  The  spacer  ring  3  -  °1  ,  the  lens  3  -  n2,  the  spacer 
ring,  3  -  °3,  and  t.,e  lens  3  -  °4  are  ir^rted  i-  to  the  r.ountiry,  tne 
quantity  is  neasured  and  the  air  g an  is  calculated  as 

-  (d^  4  dp).  The  calculat'd  air  gar  of  1.22  ♦  0.02  is 
obtained  by  turning  down  the  seating  0!  rirg  7  -  07  under  t;.e  lens 
3  -  °4 ;  d.,,  dp  and  D.,  are  me  inured  to  within  0.rr,5  z~  . 

An  imago  of  rood  cualit.y  is  oh'ainei  w.hen  the  reasnred  ond 
calculated  valuer  of  ‘‘he  air  ganr  ar°  in  ti’reemnt.  Sp-cial 


* 


>0 


r1g.  14,  ?n d  in d  3rd  objictli*  Wf)M» 
in  special  housing 

1  *  houlinq;  ?  *  rituntng  rl ng •  3  - 

?pic»r  ring;  <•  •  3rd  object)*!  Tin*; 

-  ?n<j  ob j  rc  1 1  *i  I  ms . 


Mg.  IS.  ’it  mi  >d  od ] #c 1 1  »•  Immi 

tn  scrcul  housing 

1  •  houilng;  ?  *  ntiining  Hm;  3  • 
spicir  ring;  4  •  sciCir  ring;  5  -  (’nd 
nbjictln  Tins,  L  •  lit  objictiii  imi. 


Fig.  16.  Optlcil  btnch 
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housings  (Figs.  14,15)  are  used  for  convenience  in  treasuring  the 
Hlr  rape  .  When  the  lonnoe  hav>  been  fitted  the  mounting  and  tho 
actual  objective  assembly  arc  screwed  into  the  telescope.  The 
telescope  in  net  up  in  a  stand  on  an  O'  tical  tench  (Mg. 16),  the 
image  of  a  toir*-  located  at  the  focun  of  the  r  limatcr  of  the 
optica]  bench  is  observed  in  the  ' eler:o: c  and  the  optical  syr  • em 
of  t:.e  tclenccfe  in  centered  by  rotating  the  lenses  cf  the  actual 
.IJectivc  relative  to  ore  another.  Cn  refocussing  the  image  of  the 
point  rhould  or; cor  an  n  true  circle,  and  thin  can  be  achieved 
provided  that  the  parts  have  been  made  within  tolerance. 

After  the  telescope  optical  system  has  be<  ;.  centered  a 
mirror  1r  fi  ted  at  the  collimator  focun.  The  rerolvirg  capacity 
of  t : i o  telercc.e  objective  is  deterr.iined  by  looking  into  t..e 
to  1  esc o;  e  through  the  collimator.  In  the  centre  of  the  field  this 
x  ••nolvi  rig  capacity  t  ,iou]d  ho  not  greater  thHn  2.5".  The  image  given 
by  t.itr  telescope  objtc'ive  should  be  sharp  over  two-thirds  of  the 
field  of  vision  and  the  forursirg  component  of  the  objective  should 
f.ove  !;it]0  thly. 

In  adjusting  the  telencope  objective  it  nhould  be  borne  in 
mind  that  parallax  is  one  of  the  defects  of  assembly  and  adjustment 
of  instrument  optical  systems. 

] oral  lax  la  the  effect  which  is  observed  when  the  eye  la 
displaced  from  one  side  of  the  lens  to  tire  other  and  the  image  of  the 
object  seen  in  the  optical  system  moves  relative  to  the  cross  on  the 
gra t : cul e . 

lurallox  occura  !>•  cause  in  the  optical  system  of  the 
instrument  the  focal  plane  of  the  objective  does  n  >t  coincide  with 
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Fig.  14.  2nd  ind  3rd  objective  Until 

in  special  homing 

1  •  homing;  2  -  retaining  ring:  3  - 
■pacer  ring;  4  -  3rd  objective  lens; 

5  •  2nd  objective  lent. 


Fig.  IS.  let  and  2nd  objective  leniee 
In  special  housing 

1  •  homing;  ?  •  retaining  ring;  3  • 
spacer  ring;  4  -  spacer  ring;  5  -  ?nd 
objective  lent;  6  -  1st  objective  tent. 


Fig,  16.  Optic*!  bench 
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that  of  the  graticule.  When  parallax  exceeds  a  certain  amount  it 
begins  to  have  an  important  Influence  on  the  accuracy  of  observation. 
Parallax  is  easily  avoided  in  telescopes  with  external  focussing 
because  the  eyepiece  and  graticule  together  can  be  moved  along  the 
optical  axis  of  the  objective. 

It  ie  more  difficult  to  correct  parallax  in  telescopes  with 
internal  focussing  because  the  distance  between  the  actual 
objective  and  the  graticule  is  constant.  In  this  case,  parallax  ia 
corrected  by  altering  the  distance  between  the  actual  objective  and 
the  graticule.  For  example,  in  the  telescope  of  theodolite  0T-02 
this  distance  is  altered  by  adjusting  the  spacer  rings  in  the 
graticule  mounting.  Here,  tolerances  car.  only  be  positive. 

To  adjust  the  telescope  it  io  necessary  to  know  the 
relationship  between  the  parallax  angle  a  and  the  parallax 
displacement  P  along  the  tube  axis.  Suppose  that  W  is  the  tube 
eyepiece  (Fig. 17),  Z  is  the  position  of  the  outlet  iris.  The 
rraticule  cross  is  at  the  focus  of  the  eyepiece  O'  .  Suppose  that 
the  actual  image  givon  by  the  telescope  objective  (not  shown  on  the 
figure)  i 8  observed  not  at  the  point  O'  but  at  the  point  K',  so 
that  it  is  diaplaced  by  an  amount  p  .  An  observer  whose  eye  is  at 
the  centre  of  the  iris  (position  )  sees  the  images  of  the  points 
K'  and  O'  covering  one  another  on  the  centre  line.  If  the  eye 
in  then  moved  to  position  Qp  at  the  edge  of  the  iris,  since  the 
point  C"  is  at  infinity  and  K"  is  at  a  certain  distance  the 
observer  would  see  theoe  two  points  on  the  lines  MC"  and  MK" 
between  which  there  is  a  certain  angle  a  which  is  termed  the 
parallax  angle.  Farallax  is  usually  considered  to  be  negative  if 
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K'  ia  in  front  of  the  focus  O'  (from  the  observer* s  side)  and 

positive  if  K*  is  behind  0*  .  Let  us  determine  the  effect  of 
altering  the  parallax  displacement  p  on  the  parallax  angle  a  . 

Prom  the  triangle  MNK"  we  have: 

(D  + 1>)  =  r, 

where  r  is  the  radius  of  the  'iris' 


D=OxfC, 


b=OxN. 


But  since  the  angle  a  is  very  small  and  D  is  great  we  may 
neglect  b.  Then 

Ch' 


r  =  D  tg«  = 


206265 


(5) 


But  from  Newton's  formula  we  have 


D.P=A 


(6) 


where  f  is  the  focal  length  of  the  eyepiece  and  p  is  the  parallax 
displacement . 

From  formula  (5)  wo  find: 


D  = 


206  265 


(7) 


and  from  formula  (6) 


Thun 

P  _  _r-206  265 

p  *" 

w  he  net; 
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Equal  tor: 

(Q) 

must  be  differentiated 

to 

def  iTnini 

•  the  effect;  of 

alt-: r :  rip 

t.  UC 

parallax  displacement 

P 

the  parallax  angle  a  .  Since  f  and  r  ore  constant  for  a  given 

ny s ton  we  have: 

rp"  ~  *  “  77o6  2b 5  * 

Then 


p  =  k‘* 

or 

! 

*~~k  r 

Differentiating,  we  obtain: 


d a  = 


(10) 


Formula  (10)  can  be  used  to  determine  the  change  in  parallax  angle 
a  which  results  from  change  in  the  parallax  displacement  p  .  It 
follows  fron  equation  (n)  that  if  the  anr.le  a  is  given  a  value 
eeual  to  the  resolving  capacity  of  the  eye  we  obtain  t..e  ultimate 
displacement  ]  wh  ch  ir  imperceptible  to  the  ^yo  . 

When  *  00";  r  =  I  mm  and  f  =*  \0  mm 


P  — 


_r*__ 

r*  206265 


100-30 

1.206265 


=  0,015  MM. 


As  may  be  seen  f non  this  example,  *  he  ultimate  r-erallax 
d  i  rp  1  oc  >’r.e  n  t  3  s  c  or  :  ara  ‘  ively  small,  beir.r  some  hundredths  of  a 
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millimetre  and,  therefore,  in  adjusting  the  optical  eyatems  of 

night  tubes  with  internal  focussing  it  ia  necessary  accurately  to 
maintain  the  distance  from  the  last  surface  of  the  actual  objective 
to  the  teleacope  graticule. 

29.  Adjustment  of  the  optical  micrometer 
Adjustment  of  the  optical  micrometer  (see  Fig.?)  includes 
fitting  of  the  components  and  assemblies  and  also  laboratory 
investigations.  The  adjustment  includes: 

(1)  fitting  of  the  plane-parallel  plates  25  (Fig.3)» 

(2)  fitting  optical  parts  in  the  micrometer  bridge, 

(3)  fitting  the  illuminating  prism  of  the  seconds  disc* 

(4)  testing  the  optical  micrometer. 

(1)  To  fit  the  plane-parallel  plates  of  the  optical 
micrometer  the  micrometer  bridge  with  optical  components  (Fig. 8) 

Is  removed  and  the  micrometer  housing  is  screwed  into  the  threaded 
stand  of  a  goniometer  (Fig. 19).  The  micrometer  bearing  is  set  on 
the  micrometer  mounting  with  a  plane-parallel  plate  secured  to  the 
base  of  the  micrometer  bearing.  After  the  plane-parallel  plates 
have  been  fitted  into  the  micrometer  levers  they  are  secured  with 
fixing  screws  and  shellac. 

(2)  In  order  to  fit  the  optical  parts  in  the  micrometer 
bridge  it  is  necessary  to  fit  the  prism  28  which  transmite  the 
images  of  the  disc  graduations  and  the  separating  unit  26,27 
(see  Fig. 3).  The  micrometer  bridge  is  set  up  on  a  plane-parallel 
plate  which  is  placed,  together  with  the  autocollimator,  on  an 
inspection  plate.  The autocoll imation image  from  the  plates  is 


Fig.  IB.  houltrj  wlH>  1*»er  brtjgr  ,inj  -.t'  1  r.i  1  iv.*>at>1y 
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observed,  ti.e  micron^t^r  bridge  is  brought  up  and  the  prism  28 
(Fi?. 3)  la  no  fitted  that  its  exit  fic»-  If.  parallel  to  the  L<>‘e  of 
the  ricroncter  bridpe.  '"h**  r.  icror**  hrr  1  rid  e  i r.  th^n  net  in  the 


tricroraeter  no  .nhirr  to  v^ich  a  special  r.ountinp,  with  trie  reading 
icro  scorer  is  fixed  (l\r  0 . 


The  separating  unit  la  set  by  observing  through  the  measuring 
microscopes.  In  order  that  the  line  of  separation  should  be  in  the 
middle  of  the  diaphragm  aperture  (the  frame)  on  the  prism  28,  this 
prism  must  be  moved  perpendicular  to  the  base  of  the  micrometer 
bridge.  After  the  prism  28  end  the  separating  unit  have  been  set 
they  are  locked  in  position. 

(3)  Trie  illuml nuting  prism  of  the  seconds  disc  3^  is  set 
whilst  observing  in  tie  reading  microscope  which  is  held  in  a  special 
mounting  on  the  micrometer  mounting  (Pig. 20).  Whilst  observing  in 
the  reading  microscope  the  prism  3^  is  set  by  means  of  the  adjusting 
screws  so  that  the  images  of  the  graduations  of  the  seconds  disc  are 
symmetrical  with  the  diaphragms  marked  on  the  prisms  3^  and  28. 


Fig.  20.  Raiding  alcrojcop#  and  optical  alcroaatar 
1  -  optical  alcroaatar;  ?  •  tpaclal  aountlng;  3  -  raadlng  alcroscopa  In  vhlch  tha  gratlcula  la  fitted. 


After  the  illuminating  prism  has  been  set  the  seconds  disc  is  set. 
The  micrometer  knob  is  turned  to  the  stop  and,  observing  in  the 
reading  microscope,  the  seconds  disc  is  set  so  that  the  micrometer 
index  is  ap: roximatelv  half-way  between  the  graduations  numbered 
0  and  60,  after  which  the  seconds  disc  is  clamped.  If  the 


pi  r» -  e  —  •  rallel  platers  of  the  nioror.eter  r.i  e  parallel  the  readings 
or.  ‘he  records  dire  should  he  shout 

(a)  Testing  t;.e  or’lc-1  rr.  i  r  rose*  er  .  The  cam  which  drives 
the  lever  pins  is  made  in  the  form  of  an  Archimedean  screw;  as 
the  cam  1b  turned  the  angle  of  slope  of  the  plane-parallel  plates 
in  altered. 

"'ik'  r  ethod  of  study  proposed  by  engineer  U.I.  tilichkin  was 
to  measure  the  nr. pies  of  rotation  of  the  flates  as  a  function  of 
the  ur.rle  of  rotation  of  the  r«, r,  using  either  a  special  fitting 
(Flg.f'l)  whc.h  is  a  kind  of  goniometer,  or  else  a  precision 
roniorre  ter . 


! 


Fig.  ?].  Special  device  for  inspecting  the  ortica)  ficronetcr 


The  optical  micrometer,  which  ie  connected  to  the  reading 
microscope  by  a  tube,  is  screwed  onto  a  threuded  upright  on  the 
stand.  Observations  are  mode  through  Jhe  reuding  microscope  end 
the  micrometer  knob  is  turned,  so  moving  the  seconds  disc  and  the 
cam  that  the  driving  pins  move  the  levers  and  alter  the  slope  of 
the  plane-parallel  plates  of  the  micrometer. 

Certain  intervals  are  set  on  the  seconds  disc  (Table  1)  and 
the  angles  cf  rotation  of  the  plates  are  measured,  whilst  observing 
in  the  au tocollimation  tube  of  the  goniometer  and  reading  from  the 
dial  microscope.  Measurements  of  the  increase  in  angle  of  rotation 
of  the  plates  made  in  this  way  are  compared  with  calculated  values 
in  Table  1. 


Calculatad  valuaa  of  anqlaa  of  rotation  of  tka  pi  at  •  a 
on  dlffarant  part*  of  tta  aocondi  disc 


Intarvala  on  aaconds  disc 

Rotation  of  platas 

0-50 

0°27'47' 

50-100 

0  27  48 

100-150 

0  27  49 

150  -200 

0  27  50 

200-250 

0  27  51 

250-  300 

0  27  52 

300-350 

0  27  53 

350—400 

0  27  54 

400-450 

0  27  55 

450-  500 

0  27  56 

500-550 

0  27  57 

550- GOO 

0  27  5H 

The  measured  angles  rhould  not  differ  from  the  calculated 


by  no  re  than  or.e  minute.  If  the  difference  is  greater  the 
microneter  nay  be  corrected  by  adjusting  the  spring,  by  lopping  the 
',xea  of  the  l''V'-rr  ord  the  guide  pins  or  by  replacing  the  can. 


70.  Fitting  the  prism  of  the  reading 

microscope 

Fefcre  fitting  the  prism  of  th(*  reading  ricrurcore  in  the 
ir strument  it  is  necessary  to  chec>  the  rounti  nr  >  f  the  prism, 
because  the  bare  of  the  rountir.g  rhould  be  jarallel  to  tne  seating 
of  ‘■he  prim  a:  d  perpendicular  to  the  cylindrical  yer.e ratir.  line 
of  the  r.ounting.  This  condition  .3  ch».c>'-<'  on  a  control  l  lute  by 
rears  of  an  indicating  ricr-'meter  and  an  optical  angle-reasur inf 
device.  The  prism  ir  then,  fi'ted  in  its  Moi.r'ji  •  ar.d  inrer’ed  into 
trie  ‘  elescope  socket  by  ra-ors  of  a  t;  m'.uirc  i  v.ntir.g.  An 
autoccll  inuti  r  is  then  set  up  lonrside  '  r  inrtr.tvvt  (rig.r2). 


The  prism  ip  set  in  such  a  way  that  its  inlet  face  is  perpendicular 
to  the  axis  of  rotation  of  the  telescope  and  the  outlet  face  is 
symmetrical  to  the  aperture  for  the  tube  of  the  reading  microscope 
and  perpendicular  to  ita  axle. 

To  do  this  the  reading  microscope  is  replaced  by  a  tuoe  to 
the  end  of  which  a  plane-parallel  plato  is  fixed.  The  prism  and 
mounting  are  observed  in  the  au tocollimator  and  unscrewed  until  the 
light  fron  the  prism  coincides  wi  ch  that  from  the  piane-paral i«*l 
plate.  The  tube  is  turned  and  the  image  of  the  light  from  the 
inlet  face  of  the  prism  ia  observed  in  the  autocollimator.  If  the 
prism  ia  correctly  set  the  position  of  the  image  should  not  alter 
when  the  tube  is  turned. 

Correct  setting  of  the  reading  microscope  prism  ensures 
that  diametrically  opposite  graduations  on  the  dials  are  uniformly 
illuminated  and  lie  within  the  circle  which  is  the  image  of  the 
v.'orVing  diameter  f  the  objective  of  the  reading  microscope.  The 
illumination  of  the  imaros  of  the  disc  graduations  should  be 
uniform  over  the  entire  field  of  vision  with  the  tube  in  any 
posi  tion . 


.  Adjustment  of  the  optical  Bystera 
of  the  horizontal  dial  microscope 

Adjustment  of  the  horizontal  dial  microscope  consists  in 

adjusting  -he  optical  system  of  the  microscope  objective  after  the 

optical  systems  of  the  reading  microscope  and  of  the  micrometer 
nave  alre  idy  been  adjusted.  The  objective  of  the  horizontal  dial 
microscope  is  first  focussed  so  that  tne  dial  graduations  appear 


sharp,  by  moving  the  objective  in  ‘he  alidade  prism  mounting  using 
t.!,e  norow  pountlnr  1  (?  f.PJ)  which  in  net'  wed  into  the  rc  ntin-  of 
*  he  first  cor  po?  t*nt  oh  the  objective  when  t..e  nountinr  holding  the 
r  ri  sn  ( ?/J  )  !a<:  teen  remov'd  (roe  Fir.7>). 


riq.  Screw  •jntf-el  for  preventing  run 

1  -  outer  casing;  t  -  plungpr. 


When  a  sharp  image  of  t‘.«  di  >1  graduations  hur  been  obtained, 
the  alidade  jrismn  are  uujuo  d.  ?..e  !  are  plate  a:.d  levelling 
cc^ewn  are  ronoved  fro:  the  i.ot  tr^nent  ard  it  is  then  fittec  into  a 
asocial  wooden  stand  (yir..'4'»  and  for  convenience  cf  adjustment  a 


special  f  i  ‘  *  i  •  •  w  .  Mi  r>  .  "ir.r  r  l  cronc.oj  ■*  :  ay  be  use’  (V1 
Before  adjusting  M.en,  Me*  din-  nnioris  or  *  «  .1: 

or'-  chec’-’ed,  t  ey  are  atcl.ed  in  y  ai  rs  a*  :  t..< 
autoeol!  ir.atior.  eye'-  i  ece  in  -  sec!  t  cl.ec'-  t.l  >•  t  curacy 


r  ..^,26). 
dado  j  rises 
or  ith 
of  t ! . e 


con:  on  ting  ve‘  eor  t!  e  ill, 


i  r  ater  anr  alidade  prisms.  If  the 


cementing  has  Veen  done  correctly  the  light  from  the  flats  of 
the  Illuminator  prism  1  1  (s^e  Fig.^)  should  coincide  with  that 
from  the  flats  of  the  alidade  prism  21. 

After  preliminary  checking  the  alidade  prisms  are  set  in 
their  mountings.  If  an  old  dial  is  replaced  it  may  occur  that 
the  diameter  of  the  graduations  is  greater  on  the  new  dial  than  on 
the  old.  It  is  then  necessary  to  displace  the  alidade  prisms  during 
the  adjustment  but,  meanwhile,  light  from  the  condenser  18  passes 
through  the  gap  which  is  formed  between  them  straight  into  the 
objective  of  the  horizontal  dial  microscope.  This  causes 
diametrically  opposite  graduations  of  the  dial  to  be  differently 
illuminated  and  imparir  their  images.  To  correct  this  defect  it  is 
i  eceosary  to  re-cement  the  alidade  prisms  and  to  lower  the  prisms 
somewhat  so  as  to  close  the  gap  between  the  alidade  prisms  which 
are  set  in  their  mountings.  The  displacement  of  the  alidade  prisms 
along  the  mountings  is  observed  in  the  reading  microscope  and  they 
are  set  syratr.e trl  c al ly  about  the  axis  of  the  objective  of  the 

horizontal  dial  microscope. 

Here,  the  imuges  of  diametrically  opposite  graduations  of  the 
dial  given  by  the  dial  microscope  objective  should  be  in  the  centre 
of  the  frame,  visible  in  the  reading  microscope,  and  the  graduations 
should  be  of  equal  height  and  perpendicular  to  the  line  of 
separation. 

The  base  is  then  fixed  to  the  carrier  and  the  illuminating 
prism  and  condenser  which  are  contained  in  a  single  holder  are  next 
fitted.  This  prism  is  adjusted  to  give  uniform  illumination  of  the 


Fig,  ?4.  iHeodohtr  type  Of-0?  on  »  wooJpn  stand 
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Fi<  ?5.  Att»c^»ent  to  rraJing  ticroscn;-*'  for  .  vertical  d  t  a  1  at  i  cf  t  d  p 
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diametrically  opposite  graduations  of  the  dial,  and  the  quality 
of  this  illumination  is  checked  with  several  dial  diameters.  The 
place  at  which  the  diametrically  opposite  graduations  of  the 

horizontal  dial  (for  ins*ar.ce  0  -180°)  coincide  is  set  relative  to 
the  micrometer  index  by  displacing  the  swivelling  priam  24  (see 

Fig. 3)  of  the  horizontal  dial  nicrorcope. 


Parallax  betwoon  the  images  of  the  graduations  of  the  dial 
is  prevented  by  tilting  one  of  the  alidade  prisms.  To  prevent 
parallax  it  is  necessary  to  know  the  relationship  betwoen  the  change 
in  tlu  quantity  x  (  ax  in  the  gap  formed  by  the  slope  of  the 
alidade  prism  in  its  mounting,  nee  Fig. 27)  with  change  in  the  value 
of  x',  the  amount  of  refocussing  of  the  eyepiece,  which  for 
convenience  is  expressed  in  terms  of  the  number  of  t  urns  of  the 
eyepiece  mounting. 

From  the  theory  of  the  compound  microscope  it  is  known  that 


(Fie. 28) 


whence 


(11) 


and 


where 


micr 


auurp 


/•**  fm 

\  * 


is  the  focal  length  of  the  entire  microscope  system. 


From  formula  (11)  we  huvo : 


x 


i',7 
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Hg.  ?(j.  Theodolite  with  device  tor  adjusting  he  vertical  dial  alidades  f 


/  • 

Denoting  t,h»*  rat.io  V-j  by  V  and,  differentiating 

Jut 

formula  (12),  we  obtain: 


dx'  =  kdx. 

0?) 

From  thin  formula  we  ran  determine  the  change  in  x'  as 
a  function  f  4  he  change  in  x  . 

Tne  amount  of  par  llux  can  be  expre nsec  either  in  angular  or 
in  linear  me  .cure,  but  in  “he  r  .rticul.r  care  of  adjustm  ent  of  the 
optical  yster  of  the  compound  rrcrosc  ,  e  of  theodolite  02-02  it 
is  Tore  convenient  to  •xprunr  the  r>  .ral  lax  in  terms  of  number  of 
turns  i  f  tne  screw  of  the  eyep'crp  mount! nr.  Tf  the  pitch  of  the  / 

eyepiece  rour, tir.g  thread  is  denoted  by 


and  4  he  angle  of  roti^ior 


or  eyepiec  rpot.'  tinr  ’  y  we  ",i--  wrl 1  f  down  an  expre  nlon 

between  d*  and  dx. '  .  for  ora*  r*  volution  o r  the  eyeriece  frurre 
tne  eyepiece  in  royd  1 1  or  •  the  optical  .xis  by  a  distance  e  :ual  to 
t :.*■  •  ,r*-ud  ri  ch  r  .  ~*  raw-  men  tl  y  , 


Tne  n 


dx’  =  ds. 


.  dx1- 360 
d?  = - ; - . 


( ■“) 


pebstitutinp  tee  v..luo  of  dx'  from  formula  (13)  we  h^ve 


J  *-360  . 

d*  -  ~S~  dx-  (If) 

which  piv-'S  the  diiinre  ir  x'  '*xpr  ssed  as  terns  of  t:.e  eyepiece 
mocntine,  •*.  function  >f  change  of  x  . 

"o  void  p;ir-'l>x  i*  the  horizontal  and  v*  rtical  dial 
microscopes  o  **  theodol :  te  CT-Of’  it  should  be  borne  in  mind  ‘hat  the 
‘olerarce  for  ’"a:  l’ny  b *he  in of  of  diametric.  11  y  o*'00i-e 
*r  eu-.ticns.  r  ‘he  dial  .should  not  exceed  an  eighth  of  a  revolution 
*f  the  eyepiece  mountin'’,  Beyond  th. ;  s  it  ir  necessary  to  conert 
parallax  between  imnyes  of  dial  graduations  and  tie..-  line  of 
separation  of  t  ho  focussirp  objective  of  the  horizontal  dial 
microscope.  here,  the  parallax  between  ima---s  of  dial  yr  idui  tions 
«rd  th*-  ini'ex  of  the  optical  nicrome'er,  and  also  'a**  tween  hue 
eradiation  of  the  seconds  disc  and  the  index,  ~’ay  v<*  up  to  half  the 
visible  width  of  the  rraduation. 

To  j  re  vent  the  adjust  nent  from  beir.y  dictur'ec  the  yaj  s 


between  the  alidade  prisms  and  their  rou-tinr  is  filled  with  snellac. 


F’un  in  the  horizontal  dial  microscope  is  corrected  by 
altering  the  air  gap  between  the  components  of  the  microscope 
objective.  Since  the  images  of  the  dial  graduations  should  be 
sha^p  in  checking  the  run  when  the  air  gar  between  the  components 
of  the  objective  is  altered  the  position  of  the  entire  objective 
in  the  alidade  prism  mounting  is  altered  at  the  same  time  by  the 
correcting  screw  (see  Fig.?3)» 

The  amount  of  run  of  the  objective  of  the  horizontal  dial 
microscope  should  not  exceed  3  divisions  of  the  seconds  disc.  The 
presence  of  run  indicates  that  the  actual  magnification  of  the 
microscope  is  not  the  same  as  the  calculated  value.  To  overcome 
this,  when  the  number  of  divisions  on  the  seconds  disc  is  found  to 
be  more  than  600, it  is  necessary  to  increase  the  distance  between 
the  components  whilst  displacing  t.e  imager  of  the  dial  graduations 
by  a  single  division,  because  this  means  that  the  microscope 
magnification  is  greater  than  calculated,  and  when  the  number  of 
divisions  is  less  than  600,  the  distance  between  the  components  of 
the  microscope  objective  should  be  reduced,  because  this  means  that 
the  microscope  magnification  is  less  than  calculated. 

In  finally  focussing  t:.e  objective  of  the  horizontal  dial 
microscope  for  sharpness  of  image  of  the  dial  graduations,  it  is 
necessary  to  provent  parallax  between  the  line  of  separation  and 
the  images  of  the  dial  graduations.  After  they  have  been  finally 
adjusted,  the  mountings  of  the  objective  components  of  the  horizontal 
dial  microscope  are  secured  with  locking  screws. 
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Determination  of  the  influence  of  chan~e  in  the  distance 

■  ■■■■  -■■■  ■■  ■  — -  ■  ■■■  -  -  —  —  —  — .  ...  ■  i  .  ■  — -  -  -  -  -  — 

ti.‘t~v.,,on  t.  e  rents  on  rn yr.i  f  lr  n  t  i  r-  r.  of  the  objective  of  the 

her!  7,m‘  1  dial _ ri_c_roocore  pc  -odol  i  +  CT-O?. 

The  cro:T-  r.a<*ni  ricaf  ion  for  a  corbin. i‘  ion  of  two  optical 
r;  r.herrr  w  th  a  co'^on  ax.r  is  yiV'n  ly  the  following  To  r  u'.  a :  • 

fj> 

'  -v.  A 

This  4‘  ula  car  be  vri 4  ’  on  in  the  fora: 

Differentia'ir.r  f  rnula  (If*)  and  *nvin;  3  and  as 

v a:  tables  and  x^  as  core-'  ait  we  have: 


(16) 


(1?) 


y<i _  i  tt  f t 

(/i  ( /,  J  ~t-  A  ( «i ) " 

Vul t 1 ’  yinr  a* d  dividing  the  right-hand 


( ■?) 

ice  of  f  orriulu  (  ip ) 


by  T^fp  we  obtain: 


_  *  i/i  ft  f  ft 

I  O' + 

(/■}  _  v,3* 
/./; ' 


;  a ,  j  /  * 
‘/?=  /,// UJ 


Since  t!:e  quantities 


e  •  n 

1  ^  Uli' 


1  ’  *2 


k !  i  o  w : ; 


given  system,  f  r:  .In  (1°)  ::.ay  be  wri'nej,  1;.  the  font: 


(1?) 


‘.he 


whe:  e 


t/3  -  Kdl, 

*  /,  /;■ 


(20) 


Fefjlnv.  A r -pi  1  r ci  C-Mcs,  Moscow,  Peoaezizdat,  1^7 


I  e 


objective 


has  : 


fi 


t  ue  determine  the 
of  the  horizontal 

-  82.820  mm  ,  V?  - 


coefficient  K  (Fig. 29).  The 
dial  microscope  of  theodolite  0T-02 

121. 61 3  mm,  x^  ■  21.777  mm  and 


0  -  therefore.. 


21.777.  lb 

/,'//“  82,82. 1 21 .613 
d ?  =  0,0340-  d\. 


0,0348. 


Since  dlx.dDQ  ,  formula  (21)  may  be  written 


(21) 


d$  —0,0348  dD0.  (22) 

Formula  (22)  can  be  used  to  determine  the  change  in  the 
magnification  of  the  microscope  objective  with  change  in  the  diet,  nee 
between  the  components  of  the  objective.  I,et  ue  determine  the 


change  in  magnification  of  the  rr.i c roscopc  objective  expressed  in 
divisions  of  the  seconds  disc  of  the  optical  micrometer.  T;-e  half 
dirt. nee  between  graduations  of  the  horizontal  dial  1  -  0.0^9  ran  , 
which  corresponds  to  120"  angular  measure.  The  seconds  disc  of  the 
optical  micrometer  has  600  divisions  and  expressed  in  seconds  each 
division  Corresponds  to  0.2"  in  dial  divisions, 


non  mn 

f  -  — _  0,000063  mm, 
120 


and  in  the  plane  of  separating  unit  T  -  t  x  0  -  0.00026  mm  . 

The  half  distance  between  the  graduations  of  the  horizontal 
dial  in  this  plane  1^  ■  1  x  P  ■  0.05°  P.  Differentiating,  we 
obtain:  dl^  »  0.0?9  d0  ,  and  substituting  the  value  of  d{3  we  have 

dlx  =  0,039-0,0346  dD0, 


but  since  dl„  -  T 


0.00026  mm 
an  *L 

0  0.030*0,0340 


we  nave 


0,00020 

1600130 


=  0,2  MM. 
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Consequently,  changinp  the  distance  let  components  of 

the  horizon  al  dial  microscope  obp.-c  *■;  ve  ty  an  amount  of  0.2  c1 
causes  a  char' re  '  n  the  run  of  about  1  division  of  the  seconds  dine 
of  the  optical  micrometer . 


Fiq,  h1.  Jim'  o'  ^oruontat  dial  iicrucc  :r<’  objective 


l? .  Ci.eOirr  t:.at  the  horizontal  axis 
of  the  theodolite  is  perpendicular 
to  its  vertical  axis 

Finally,  the  assembled  instrument  is  set  ur  on  u  suitable 
base,  and  a  plunb  lire  is  me4-  u:  *0  -  15  ft  from  the  iristriment. 

The  instr  l  is  firs*  rot  to  *..c  level  of  tne  horizontal  d  i  a  1 
alidade  r.r.  kr>  'inp  the  vor* ical  /.xis  to  the  pier-net  position.  The 
telescope  is  then  a  mod  at  t..e  top  of  the  plumb  line  until  the  cross 
m  tne  praticule  coincides  with  t:.e  plumb  line.  The  telescope  is 
then  traversed  d<  wnw  .rur  *  tie  plumb  lin<>  end  it  .  r,  obrerved 

w'lPt  er  t  e  praties'll  and  ylunb  lines  cross.  7f  they  lo,  ti.e  screws 
which  fix  t;.e  carrier  to  tne  stand  are  slackened  and  tne  upper  ;  :  rt 
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of  the  theodolite  la  removed.  Then,  depending  upon  the  elope  of 
the  horizontal  axis,  one  of  the  stand  uprights  is  corrected  by 
scraping.  The  angle  between  the  horizontal  and  vertical  axes  of 
tne  theodolite  should  be  perpendicular  to  within  5  seconds. 

A  more  accurate  check  can  be  made  with  two  or  three 

collimators  which  are  fixed  by  brackets  to  a  wall  or  to  a  concrete 
column.  The  collimators  are  set  in  such  a  way  that  the  hair  line 
intersections  meet  on  a  single  straight  plumb  line.  With  this 
method,  the  chc-cl  can  he  mace  with  the  telescope  sloping  at  a  much 

greater  angle. 


33.  Adjustment  of  toe  optical  system 

of  the  vertical  dial  microscope 

The  adjustment  of  the  optical  system  of  the  vertical  dial 
microscope  consists  in  fitting  the  optical  system  into  the 
microscope  objective.  First  the  swivelling  prism  1?  and  the 
selector  prism  15  (see  Fig. 3)  are  fitted.  Then  a  plane-parallel 
plate  is  placed  in  the  plane  of  the  stand  upright  at  ti.e  position 
where  the  micrometer  be-  ring  is  located.  The  swivelling  prism  12  i 
observed  through  the  autocollimator  and  the  prism  is  set  so  that 
the  light  from  the  plane-pural lei  plate  cf  t.  e  selector  and 
swivelling  prisms  coincide.  After  this  tne  bearings,  the  vertical 
turntable  housing,  the  dial  and  tne  alidade  are  fitted  and  also  a 
special  device  is  fitted  to  the  reading  microscope  (Fig. 26  ).  This 
device  has  seating  diameters  equal  to  the  diamotor  of  the  telescope 
socket.  When  it  is  connected  to  the  vertical  turntable  housing,  it 
forms  a  window  through  wh  ch  the  alidade  yrism  can  be  adjusted. 


Before  the  alidade  prisms  are  adjusted  the  vertical  dial 
microscope  objective  is  focupsed  to  givo  a  sharp  Inape  cf  the  dial 
graduations.  This  is  achieved  by  shifting  the  firet  component  of 
the  objective  which  Is  located  In  the  mounting  of  the  olidade  prism 
of  the  vertical  turntable  by  means  of  a  snecial  screw  which  is 
screwed  through  the  mounting  of  the  alidade  priams  into  the 
objective  mounting. 

When  a  sharp  inai e  of  the  graduations  of  the  vertical  dial 
liu:  been  obtained  toe  alidade  prisms  10  (see  Fig. 3)  are  adjusted. 
Before  the  alidade  prisms  are  adjusted  they  are  measured  and  matched 
in  pairs  and  an  autocollimator  is  used  to  chec>'  the  correctness  of 
the  cementing  between  the  illuminating  prism  and  the  alidade  prism. 
Toe  alidnde  prisms  are  *  hen  temrorarily  fitted  in  their  mounting. 

For  convenience  of  adjustment  the  instrument  is  placed  on  a 
special  wooden  stand  (Fig. 3^).  Observing  through  the  reading 
microscope,  the  alidade  prisms  are  moved  along  the  carrier  until 
they  are  symmetrical  about  the  axis  of  the  vertical  dial  microscope 
objective . 

Then  the  images  of  diametrically  opposite  dial  graduations 
given  by  the  vertical  dial  microscope  objective  should  be  in  the 
middle  of  the  diaphragm  visible  in  the  reading  microscope,  and  the 
grodt  itior.n  should  le  of  enunl  height  and  p*  rpendicular  to  the  line 
of  separation. 

The  lighting  system  of  the  vertical  dial  microscope  objective 
is  adjusted  by  moving  tne  prisms  5  and  6  (see  Fig. 3)  which  are  lit 
by  an  electric  lamp  in  a  special  housing  fixed  to  the  alidade  prism 
mounting.  The  illumination  of  diametrically  opposite  graduations 
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should  remain  equal  and  uniform  when  the  elope  of  the  telescope  i8 
altered . 


Fig.  30.  7h«odol i (•  without  t«ltscop«  on  »p*dil  stand 


Tarallax  between  the  images  of  opposite  graduations  of  the 
vertical  dial  is  corrected  by  tilting  ore  of  the  alidade  priaraa. 
Here,  the  sane  conditions  should  be  fulfilled  as  in  adjusting  the 
optical  system  of  ♦'he  objective  of  the  horizontal  dial  microscope. 

The  run  of  the  vi-ri  icai  dial  microrcoj  e  is  corrected  by 
•  lterinc’  the  air  nun  bcvwmn  f.hfi  rrirvr.nn^.n*  u  <->r  tn».  m  <  r>rAi^nnn 

objective  by  moving  th<.  record  component  which  is  in  the  left-hand 
upright  of  the  otand  and  the  first  component  which  is  within  the 
mounting  of  the  vertical  dial  alidade  prisms.  The  magnitude  of  the 
run  on  the  objective  of  the  vertical  dial  microscope  should  not 
exceed  3  divisions  of  the  seconds  disc. 
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Run  should  be  prevented  by  following  the  guidance  given 
above.  After  adjustment,  the  gape  between  the  alidade  prisma  and 
their  mountings  are  filled  with  shellac  and  the  mountings  of  the 
components  of  the  objectives  of  the  vertical  dial  microscope  are 
secured  with  locking  screws. 

54.  .Fitting  of  the  dioptric  ring 
In  setting  the  dioptric  telescof*  to  zero  the  telescope 
graticule  in  observed  through  the  eyepiece.  The  eyepiece  is 
focussed  to  give  a  sharp  ima,  e  of  the  graticule;  the  zero 
graduation  of  the  dioptric  ring  in  then  node  to  coincide  with  the 
pointer  index  and  the  dioptric  ring  is  locked. 

The  correctness  of  setting  of  the  dioptric  ring  is  checked 
by  means  of  a  dioptric  telescope  set  for  dioptry  of  +5*  Here,  the 
image  of  the  telescope  graticule  should  be  uniformly  sharp  and 
distinct. 


Fitting  of  graticule 

The  instrument  is  levelled  on  its  stand  and  a  plumb  line  is 
set  up  10-15  metres  distant  from  the  instrument.  The  telescope  is 
aligned  on  the  plunb  line  and  t-h>*  gr* * i cu'i e  is  set  on  it. 

K 

M  * 

During  the  process  of  ad  jus  tr.er.t  and  during  final  assembly 
steel  parts  are  covered  w'th  sjecial  lubricants  and  costings  to 
prevent  corrosion. 
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After  final  assembly,  to  seal  the  instrument  hermetically, 
gave  at  Joints  between  the  parts  are  filled  with  a  special  compound, 
using  an  electric  coldering  iron. 

%.  Study  of  aberrations  in  the 
telescope  optical  system 

Determination  of  the  telescope  resolving  power  by  the  rethod 
described  above  and  of  the  quality  of  centering  of  the  objective 
system  by  an  illuminated  point  in  the  collimator  focus  does  not  give 
a  full  understanding  of  the  optical  prorertitm  of  the  oyster.  Jn 
Class  1  triangulation  worv  it  is  necessary  to  observe  stations  at 
distances  <.  f  25  bm  and  mors  nnd ,  therefore,  the  optical  oyster;,  of 
the  sirht  tube  should  be  of  very  high  ouolity. 

Defects  in  optical  systems  result  from  inadeouate  finishing 
of  the  surfaces,  from  variations  in  the  glass,  from  the  influence 
of  the  sph'-rical  share  of  tiie  s.rfacen  and  also  because  the  iirht  is 
not  monochrome t ic  . 

By  way  of  example,  we  describe  an  examination  of  the  teles¬ 
cope  aberra'ions  in  a  Wild  T7>  optical  theodolite  which  was  made  by 
Engineer  B.0.  Grishin  and  Candidate  of  technical  sciences 
V . A .  A  fanes' ev  in  IQ^O.  7>b  tests  were  made  tv  the  GO I  method, 
using  a  Hart'  an  bench  with  a  telescope  objective  focal  length  of 

^  ?n  , 

T..e  GCI  method  is  an  ir.[  roved  visual  Hartman  method,  which  is 
based  on  using  the  phor.onenon  cf  interference  from  diffracted  light 
formed  by  a  narrow  slot.  Here  the  interference  rlays  an  auxiliary 
rart  ..nd  helps  to  locate  more  accurately  the  focus  of  the  optical 


system  of  the  objective  under  test,  t'nlike  Veyzel's  method  (in 
which  two  aperturos  are  used)  the  001  method  uses  o  diaphragm  with 
two  pairs  of  apertures  located  symmetrically  relative  to  the  centre 
of  the  collimator  objective. 

Testing  an  objective  by  the  GCI  method  consists  in  focussing 
th  •  interference  bands  of  light  from  the  corresponding  zones  of  the 
objective  system  which  is  being  tested.  The  procedure  for 
examination  of  the  telescope  system  for  aberrations  is  as  follows: 
the  telescope  ortictl  system  was  first  examined  for  aberration, 
then  the  objective,  after  whict  the  mounting  with  the  actual 
objective  (the  three  front  lenses)  was  unscrewed  and  the  objective 
itself  examined. 

Spherical  and  chromatic  aberration  and  axial  astigmatism  were 
examined.  Before  the  examination  a  slot  diaphragm  was  installed  on 
the  collimator  axis  of  the  optical  bench.  A  diagram  of  this  Blot 
i 8  given  in  Pig. 31*  where  S  is  a  strong  source  of  light  (ouch  us 
a  point-source  lamp),  K  a  condenser,  ♦  a  filter,  D*  Isa  slot 
diaphragm,  Ck  a  test  system  eyepiece,  0^  the  objective  of  the 
system  under  test,  a  zonal  diaphragm,  0^  the  objective  of  the 

bench  collimator  and  F  the  focus. 


Fig.  31.  Dligrio  of  lotting  of  toloocopo  t«it  lystoa 


SO 


Then  a  collimator  was  fitted  to  the  telescope  system  under 
tert  in  such  a  way  that  th*;  diaphragm  slot  was  in  the  outlet  iris 
(the  telescope  under  test  was  focussed  to  infinity).  A  special 
zonal  diaphragm  was  mounted  on  the  bench  telescope  (Figs . 32 , 33) • 

This  diarhragm  is  simple  in  construction  arc!  convenient  in  use,  on 

its  body  there  is  a  gap  25  mm  wide  and  a  pointer  (Fig. 33) •  Secured 

to  tho  diapurugm  frame  is  a  disc  in  which  holeR  are  drilled  1  mm 
in  diameter  and  2.5  mi  orart .  Fairs  of  holeo  axe  arranged  in  an 
Archimedean  spiral  (Fig. 32 ); the  disc  also  has  numbered  points  which 
Indicate  tue  number  of  the  /one.  Py  rotating  the  disc  two  pairs  of 

holes  in  any  zone  can  be  opened.  Fig. 32  shows  that  zone  6  coincides 

with  the  index  of  the  diaphragm  and  Fig. ^3  shows  two  pal ra  of  holes 

coincide  with  tue  slot. 

The  bench  telescope  (collimator)  has  a  removable  eyepiece 
on  which  divisions  are  markori.  '"here  is  a  vernier  or,  tue  telescope 
frame.  In  exam'ning  the  telescope  objective  the  diaphragm  slo^  i3 
set  in  the  focus  of  the  test  objective. 

The  process  of  measuring  aberration  is  as  follows: 

1.  Two  pairs  of  holes  of  the  corresponding  zone  are  opened 
in  the  zonal  diaphragm. 

?,  The  interference  tends  are  made  to  coincide  Dy  observing 

through  tho  optlcul  bench  telescope  and  operating  tho  rack  of  the 
eyepiece  part  of  the  telescope.  Fig.  3^  shown  the  field  of  vision  of 
the  bench  telescope  (collimator)  at  the  instant  of  opening  the 
aperture  of  the  next  zone.  Fig. 35  shows  it  at  the  inrtant  when  the 
interference  bands  coincide. 
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Fig.  3 1,  Zonal  dlaphngn  ( front  *1#») 
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Fig.  33.  Zonal  dlaphragt  (ra:r  vita) 
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5.  After  the  interference  bands  have  been  made  to  oolnelde 
a  reading  is  taken  on  the  optical  bench  telescope  vernier. 

Examintttions  were  made  on  7  zones  every  4  rm  because  the 
free  aperture  o?  the  telescope  objective  under  test  was  60  mm. 


Flo.  3*.  Field  of  » I  si  on  of  collliitor  it  Instant 
of  opining  hoi#  in  th#  nut  ion*  of  th* 
lonal  diiphrig* 


Fig.  35.  Field  of  vtilon  of  c*111ut*r  at  Uatant 
» Kin  fntarfaranc*  band*  c*l*<ld* 


Five  readings  were  taken  in  each  zone.  To  determine  the 
chromatic  aberration  the  measurements  were  made  with  various  filters 
(yellow,  red  and  green).  Astigmatism  on  the  axis  was  measured  with 
a  yellow  filter  and  when  the  slot  was  vertical  the  holes  in  the 
zonal  diaphragm  were  horizontal  and  when  the  slot  was  horizontal 
the  holes  in  the  zonal  diaphragm  were  vertical,  i.e.  the  zonol 
diaphragm  turned  through  Q0°  ir  a  plane  perpendicular  to  the 
collimator  axis.  A^l  the  Grit  a  of  th»>  examination  nro  prunontod  in 

the  form  of  tables  and  r-rnphs  of  aberration*. 


*  F?r  work  i  nr 

optical  systems  see 

*4  «  f  *  - 

VJ I  >  X  C  ^  Util 


out  the  results  of  aberration  investigations  on 
the  book  by  7. A.  Afanar'ev  ’Practical  Applied 
pc  priklcdr.cy  cpti’e),  Oeodnzi  zdut .  f'oscow ,  T^41 

p.103. 
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formula 


The  aberration  coefficient  6C'  was  calculated  by  the 
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es 


/  t  V 


(23) 


where  AQ  is  the  reading  on  the  collimator  vernier  (mean  of  five), 
f  is  the  focal  length  of  the  system  under  test,  P  is  the  focal 
length  of  the  bench  collimator,  fince  the  focal  length  of  the 
collimator  is  known  (P  ■  909.60  mn)  we  obtain: 

eV  =  A„(cV9-bg)  .  ^4) 


The  results  of  aberration  determinations  arc  given  in  Tables  2,  3» 
h-  ,  5»  6,  7  and  8. 

From  the  tables  and  figures,  it  will  be  s*en  that  the 
aberration  of  the  actual  objective  is  much  less  than  that  of  the 
telescore  as  a  whole.  Analysis  indicates  that: 

1 .  T.ue  aberration  of  the  actual  objective  does  not  exceed 
tue  tolerance  Unit. 

2.  Tne  telescope  objective  has  chromatic  aberration  sor«what 
exceeding  the  tolerance  limit;  the  spherical  aberration  and 
astigmatism  are  within  tolerance. 

3.  The  telescope  as  a  whole  hae  considerable  chromatic 


aberration. 

Astigmatism  on  the  axis  is  insignificant  and  is  of  the  order 
of  the  error  of  measurement. 


Tabla  7 


Rosulta  af  Miawnwonta  of  aporical  aborratlofl 
of  th*  actual  talaacopo  (Mg.  3b.) 
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Ffg.  36.  Graph  if  aphtrical  abarratloa  of  th«  actual  talaacopa 


labia  3 

Raawlt*  of  aatlgaatlaa  aaaauraaanta  on  th#  ail*  of 
tha  actual  (alatccpa  (Fig.  37.) 
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Fig.  37. 


6r*p8  #f  aatlgaatlaa  on  IK*  ail  a  af  tK#  actual  talaacapa 


Tabl#  4 

foiulta  of  apKoHcal  abamtlon  dittnlulloM  on  tha 
talascopa  objective  (Fig,  38) 
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Fig,  38.  Graph  of  apbarlcal  abarratlon  #f  tha  talaacopa  abjactlra 


Tabl •  S 

ftaiwlti  af  ntlgaitlaa  Maawraaanti  a*  tha  aita  af 
th#  tuba  objKtlvi  (Mg.  39.) 
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Hf,  39.  Srapfi  af  aatlgaatlaa  aa  tha  «if a  af  the  talaacapa  o6Ja<t1*a 
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Results  of  aphorlcil  ibomtlofl  aaiaura#a«ti  of  th« 
actual  objactNa  (Fig.  40) 


Flf.  40.  Graph  tf  apboHcal  abarratloo  of  tho  actual  objoctta# 
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labia  7 


Results  of  istlgaitlsa  aauurtainti  on  the  nit  of  the 
actual  objective  (Fig.  41.) 
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Fig.  41.  6rtpb  tf  astlgeatlas  on  the  silt  af  tha  actual  objective 


Tab ta  8 

Svaairy  tabic  of  chroaatlc  aberration  aeasureaents  on  t ha  ait i 
of  t Sa  actual  ob J ac 1 1  va  (for  h  •  71  aa,  figs.  4?,  43  and  44.) 
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fig.  4 2.  Graph  af  chrooatlc  aberration  of  tha  actual  telescope 
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Ffg,  4?.  Graph  af  chroaatlc  aberration  af  tha 
actual  taUacopa  tor  h  •  2?  aa 
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Fig.  43.  Graph  of  chroaatlc  aberration  of  tha 
telescope  objective  for  h  •  U  aa 


Fla.  44,  Graph  of  chroaatlc  aberration  of  the 
actual  objective  for  h  ■  72  aa 
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Examination  for  aberration  of  telescopes  of  an  optical 

theodolite,  as  of  any  other  telescopic  system,  is  of  pressing 
importance,  particularly  when  the  optical  parts  o'  the  tube  are 
made  from  glass  in  which  there  are  snail  deviations  from  the 
technical  standards  and  also  when  examining  the  advantages  of  one 
system  as  compared  with  another.  Finally,  investigation  of  the 
aberrations  of  an  optical  telescope  system  is  v»>ry  important  in 
developing  prototypes  because  it  provides  a  tasis  for  ic. proving 


Chapter  5 

CLEANING,  LVPRICATION,  MINOR  ADJUST? 'ENTS  AND 

FRGCEDURE  FOR  REPLACING  INDIVIDUAL  COMPONENTS 

37.  Cleaning  lens,  prisms,  ond  seconds 

disc 

The  following  material  ond  instruments  are  required  to  clean 

the  optical  [arts:  ethanol,  ether,  aviation  gasoline, 

hygroscopic  cotton  wool,  sharpened  atic^o  of  wo-d,  hand  towele  of 

fine  linen,  camel-hair  brushes,  a  rubber  bulb,  forceps,  a 
watchmaker’s  screwdri ver ,  wooden  tonguec  for  unaciewing  the  mounting 
of  the  telescope  objective,  a  10  x  magnifying  glass. 

The  lenses  of  the  theodolite  optical  system  ore  cleaned  in 

various  ways.  Lenses  wh^ch  are  not  secured  in  the  mounting  are 
cleaned  by  hand.  Uncen anted  lenses  are  cleaned  with  cotton  wool 
wetted  with  ethanol,  after  which  they  are  dried  with  a  cloth.  Then 
the  lens  io  held  in  the  forceps  and  the  dust  ie  blown  off  with  the 
rubber  bulb,  and  what  remains  Is  removed  with  a  camel-hair  brush. 

When  cleaning  cemented  lenses  it  is  important  to  ensure  that 
the  spirit  does  not  get  between  the  lenses  and  damage  the  cement. 
Cemented  lenses  are  cleaned  in  the  same  way  as  uncemented. 

When  cleaning  lenses  of  the  telescope  objective  and 
eyepieces  the  sr ucer  rings  should  also  be  cleaned.  The  opacer  rings 
ire  first  washed  ’n  aviation  gasoline  and  ore  then  carefully  wiped 
with  a  cloth.  To  remove  fluff  from  a  eiacer  ri  r.g  It  in  dipped  in 
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ether  and  immediately  after  removal  it  is  burned. 

Uncer.ented  prisms  are  washed  in  Rpirit  and  dried  with  a  cloth. 
The  prism  in  t..en  picked  up  with  the  forceps  on  the  ground  surfaces 
find  dust  is  blown  off  with  the  rubber  bulb.  The  remaining  pieces 
of  dust  are  reroved  with  the  c'mel-hair  brush.  In  cleaning  cemented 
prisms,  for  example  the  separating  unit,  particular  care  must  be 
taken  and  the  cotton  wool  must  be  only  lightly  moistened  with  opiri t 
without  wetting  the  ce' eating. 

The  telescope  graticule  is  cleaned  with  cotton  -ool  moistened 
v-ith  spirit,  taki:  •  care  tho*  the  spirit  does  not  get  into  tne 
cementing. 

It  is  rarticularly  difficult  to  clean  the  seconds  disc  fA 
the  illumina’ing  prism  and  the  prism  which  transmits  the  image  of 
the  dial  graduations  It  is  not  recommended  to  use  ethanol  to 

clean  there  parts  because  the  spirit  removes  trie  paint  wnicu  is  used 
to  fill  the  graduations  of  the  seconds  disc  and  the  diaphragm  of 
the  prisms.  In  thia  case  the  cotton  wo<  1  is  lightly  moistened 
with  pure  gasoline.  After  the  mart  has  been  cleaned  it  should  be 
wired  w  th  cotton  wool  at*  icned  to  a  otlc^,  the  remaining  fluff  Is 
removed  .  i th  a  ctrel-hair  brush. 

The  following  condition.''  a,  ply  in  cleaning  optic, .1  pu  ts: 

1.  ^he  room  in  which  the  cleaning  tr  carried  out  should  be 
dust-free ; 

?.  the  room  should  !e  sufficiently  dry,  tuere  should  be  no 
sudden  char  ges  in  termer  ,4:ure ,  because  these  can  cause  deposits  *  o 
form  on  the  surfaces  of  optical  parts; 

*>.  the  operator  must  have  clean  hands. 


58.  Lubrication  of  components  and 

assemblies 

Both  the  vertical  and  the  horizontal  axial  systems  of  an 
optical  theodolite  are  lubricated  with  special  watch  oil  with  a 
specific  gravity  of  0.900,  neutralisation  value  less  than  0.11  mg 
KOH/g,  viscosity  of  4.27°  Engler  at  35°C  and  the  pour  point  about 
-26°C . 


Before  lubricating  the  vertical  axis  the  vertical  axis  main 
bearing,  the  bearings  and  all  the  other  ;  arts  of  the  vertical  and 
horizontal  axes  are  carefully  washed  ir.  aviation  gasoline  and  then 
dried . 


The  parte  are  protected  against  oxidation  and  water 
absorption  by  a  compound  of  the  following  composition  in  percentage 
by  weight:  9oap  5,  high  meeting  point  c<*re3ine  5»  aviation  engine 
oil  ^2.5,  bore  oil  ^2.5,  and  natural  'wax  5*  This  compound  is 
applied  to  tne  following  pails  of  the  optical  theodolite*  the  outer 
surfaces  of  the  dial  bush,  the  split  ring,  the  clamping  sleeve  of 
the  horizontal  dial  al  dade,  the  clamj  ing  nut,  the  mounting  for  the 
level  bulb  of  tne  horizontal  dial  alidade,  the  wall  of  the  right-hand 
upright  of  the  stand  on  the  select* r  prism  E„Je,  the  housing  of  the 
vertical  dial  alidade  level,  the  cover  of  the  objective  knob  at  tho 
place  where  it  fits  with  tue  mounting  of  the  actual  objective,  the 
telescope  cover  at  places  where  it  fits  with  the  telescope,  the 
outside  of  tne  mount  ng  of  the  focussing  lenses,  and  the  inner 


surfaces  of  the  bearing.-*. 

The  conpound  which  is  applied  to  components  which  ere  remote 


from  che  optical  parts  is  of  the  following  composition  in 
percentage  by  weight:  high  melting  point  coreaino  26,  vuneline 
oil  55»  lanoline  3»  natural  wax  11,  ozokerite  5«  This  compound  is 
an  lied  to:  the  mounting  of  the  alidade  Trims  of  the  dial  and  of 
the  vertical  dial,  the  carrier  base  (inner  surface),  the  mounting 
of  the  swivelling  prism,  the  horizontal  dial,  components  of  the 
optical  microme ter ,  the  mounting  of  the  actual  objective,  the 
telescope  frame,  the  gro  lculo  mounting,  the  ii  ner  surf  .ce  <  f  the 
telescope  socket  (except  the  seating  place  of  the  micrometer  beu  ring) 

the  inner  surface  of  t. e  vertical  turntable  housing  (exc-  pt  where 
t  .a  turntable  seats). 

The  seating  places  of  the  horizontal  dials  on  tue  dial 
sleeve,  of  the  vertical  dial  on  the  vrtical  turntable  housing,  the 
alidade  yrisrrs  and  tiie  spacer  rings  between  the  objectives  in  the 
telescope  are  wiped  with  a  cloth  soaked  in  the  lubricant  used  for 
components  close  to  the  optical  farts. 

To  ensure  that  the  instrument  is  hermetically  sealed  all  the 
components  which  cover  up  ingress  to  the  instrument  must  be  coated 
after  finul  adjustment.  The  compound  used  for  this  purpose  has  the 
foil  wing  percentage  composition  by  weight:  ozokerite  55»  technical 
vaseline  (petrolatum)  25,  gum  rosin  20;  alternatively  the  following 
composition  may  be  used:  high  melting  point  cere-sine  .5* 
beeswax  30.^ ,  technical  vaseline  (petrolatum)  1^.7,  gum  rosin  21. 5» 
caster  oil  1.9.  Both  there  compounds  are  fairly  herd  and  solid  and, 
therefore,  they  are  applied  to  the  gaps  between  marts  w  th  an 
electric  soldering  iron.  In  the  optical  theodolite  0T-02  the  Joints 
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between  the  following  adjoining  parte  are  treated  in  this  waj.  In 
the  lower  part  of  the  theodolite,  between  the  carrier  and  its 
base,  the  carrier  base  and  the  mounting  of  the  dial  illuminating 
prism,  the  gear  block  and  the  carrier.  In  the  central  part  of  the 
theodolite,  between:  the  cover  of  the  selector  and  the  support, 
the  mounting  of  the  swivelling  prism  of  the  vertical  dial  and  the 
support,  the  mounting  of  the  cover  glass  and  tue  right-usnd  wall  of 
the  support,  the  mounting  of  the  second  component  of  the  objective 
of  the  vertical  dial  microscope  and  the  stand.  In  the  upper  part 
of  the  theodolite  between  the  telescoj e  covers  and  the  telescope 
socket  n.nd  between  the  objective  know  cover  and  the  mounting  of  the 
actual  objective,  be  .een  the  Daunting  of  the  micrometer  and  the 
micrometer  bearing,  betr  sen  the  turntable  bearing  and  the  ricrometer 
bearing  in  the  stand. 

?°.  The  correction  of  defects  in  the 

axial  systems 

Before  consideiing  the  correction  of  defects  in  the  axial 
systems  of  the  theodolite  we  c:.all  discuss  the  procedure  for 
dismantling  the  princiral  components  of  the  instrument,  particularly 
the  lower  and  upper  parts. 

Procedure  for  dismantling  the  lower  port  of  the  theodolite 

First  unscrew  the  locking  screw  P?  which  fixes  the  seating  of 
the  horizontal  dial  alidade  prisms  to  the  stand  (Fig. 45).  Then 
unscrew  the  locking  screws  from  the  nuts  which  fix  the  levelling 
screws  to  the  carrier  after  which  unscrew  these  nuts  ..ith  8  s;  ecial 
spanner.  flace  the  instrument  upside  down  in  a  special  wooden 
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flfand  (see  Fig. 24);  remove  fhe  base  plate  together  with  the 
levelling  pcrewr;  disconnect  the  elec  tr4  c.  ,.l  condt  ctorp  from  the 
roc1'*  t  on  the  tape  of  the  carrie:  ;  unscrew  the  screws  which  fix 
the  bure  to  the  carrier  and  remove  it;  carefully  withdraw  the 
cariier  with  the  alidade  rrisns  whilst  avoiding  touching  the  prisma 
by  hand;  separate  the  conductcr  with  the  sliding  contact  ■'  (pee 
Fig.1)from  the  block;  unscrew  f..e  catch  fror,  the  alidade  clam:  ; 
li  htl\  turn  the  rarri’r,  lift  it  and  remove  it  fro*  the  axis 
(  taking  rare  that  the  balls  do  not  fall  out);  unscrew  the  three 
screws  that  fix  the  catch  sleeve  to  the  carrier;  unscrew  the 
catch  sleeve*  together  with  the  catch. 

If  the  lower  part  of  the  theodolite  is  dismantled  for 
lubrication  the  clamp  is  not  dismantled  bat  the  catch  wh  ch  fixes 
the  nut  to  the  clamp  sleeve  is  unscrewed.  I’ndo  the  nut  and  remove 
the  horizontal  dial  alidade  clamp  of  the  horizontal  dial.  In 
assembling  the  clamp  with  its  sleeve  tuke  care  to  get  tne  brake 
bloc1'  in  its  [  revicun  jositirn. 

Next  unscrew  the  four  screws  which  Join  the  two  half-rings 
to  the  verVc:*l  axi3  main  bearing  arid  the  dial  sleeve  t-;  the  carrier. 
It  is  recon:  ended  to  murk  fhe  vertical  axis  main  bearing  and  the 
half-rings  so  that  they  can  be  placed  in  the  same  position  on 
re-assembly.  In  dismantling  this  a: sembly  take  particular  care  with 
the  dial  sleeve  to  ensure  a*  th»*  dial  setting  is  not  disturbed, 
particularly  when  it  is  not  intended  to  reset  it.  If  the  dial 
eccentricity  exceeds  10  seconds,  it  is  necessary  to  set  the  dial  by 
the  procedure  described  above. 
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fig.  k5.  Thaodollta  typa  OT-O? 

?7  •  lock  for  horizontal  dial  alidad*  prlta  aounting;  ?8  -  t •  I •  scoDf  aockat;  29  -  tui-fltabl#  baarlng; 

30  •  claap  for  1«y*l  of  vertical  dial  alidade;  31  -  contact  ring;  32  -  plug  aockat  for  alectriclty 
supply. 

Assemble  the  lower  part  of  the  theodolite  in  the  reverse 
order  to  that  cf  disman tlinr . 

Procedme  for  dlsnantlinp  the  up?  er  part  of  tin-  theodolite 

Unscrew  the  locV  of  the  tele?  cope  sightir.c  adjustment  screw 
and  then  unscrew  tie  ad  j"-n  tnent  screw  itself;  undo  the  c crews  which 
secure  the  clamp  cover  plate  und  remove  it;  undo  the  four  screws 

which  cu*c  ro  to  the  base  the  plat**  which  carries  the  selector  pism 

mechanism  and  remove  it. 


Undo  the  two  pcrews  which  fix  the  rcicrome^r  bearing  to  the 
right-hand  upright  of  the  stand  and  the  six  ncrewa  which  fix  the 
telescope  socket  to  the  vertical  turntable  noting  the  nutual 
location  of  the  parts  with  a  light  mark.  Set  the  telescope  and 
cl3mp  approximately  horizontally. 

Then  ta^e  the  micrometer  bearing  and  the  telescope  socket 
with  the  telescope  in  both  hands  without  separating  them  and  move 
them  al  ng  the  plane  of  the  right-hand  upright,  withdro^  the  .joint 

between  them  from  the  v*  rtical  turntable  h«  using  and  remove  them 
from  tne  instrument.  This  operation  must  be  carried  out  with  great 
care  and  without  bending  so  that  breaking  of  the  vertical  dial 
alidade  prisms  is  avoided.  Whilst  the  op»-;  a' ion  is  being  performed 
use  only  one  hard  to  hold  the  micrometer  bearing  close  to  the 
telescope  socket. 

Carefully  separate  the  micrometer  bearing  from  the  telescope 
socket.  In  correcting  defects  in  the  horizontal  axis  system,  if 
there  ai  no  traces  of  strain  on  the  1  caring,  or  scratches  or  the 
like,  it  is  not  necessory  to  withdraw  tie  opticol  micrometer  from 
the  bearing,  but  cover  the  hole  to  prevent  ingress  of  dust,  also 
clean  and  lubricate  the  equipment. 

Unscrew  the  lock  from  the  clamp  nut,  remove  the  nut  itself 
and  remove  the  telercope  clomp  together  with  tne  telescope  socket. 

Unscrew  the  lock  of  the  level  adjusting  screw  and  undo  the 
screw  itself. 

Undo  the  three  reinforcing  screws  and  ulno  one  contact  screw 
on  the  busii  of  the  vertical  dial  illuminator.  In  undoing  these 
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screws  press  the  alidade  prism  mounting  lightly  againa*.  the 
turntable  seating  from  the  side  of  the  turntable  housing. 

Hold  the  mounting  of  the  vertical  turntable  alidade  in  the 
left  hand  and  remove  the  clamp  from  the  vertical  dial  alidade  level. 

t’ndo  two  ficrewy  wh'ch  secure  the  gun  ort  to  the  bu6e  under 
the  mounting  of  the  swivelling  prism  r f  the  v  rtical  dial  microscope 
and  remove  the  support. 

Release  t\.e  two  adjusting  ocrews  arid  withdraw  the  mounting 
with  the  swivelling  prisr  fro:-  the  stand  nec^ct. 

Carefully  withdraw  the  mounting  with  ♦  he  .ilidade  pi' isms. 

In  doing  this  it  is  neceosary  to  hold  the  wires  with  the  contact 
screw.  Kemove  the  vertical  turntable  housing  from  its  tearing; 
unless  it  ifl  essential  to  do  so,  do  not  remove  the  turntable  beuring 
from  the  stand  b*. cause  its  position  in  the  stand  affects  the 
ad.ju  s  *  cent  of  the  horizontal  and  vertical  dial  r.i  croscones . 

Assemble  tne  urper  mart  in  the  reverse  order  to  that  of 
dismantling. 

Defects  in  the  axial  systems  of  the  theodolite 

1.  Difficulty  in  refatien  about  the  v<  rtical  axis. 

? .  Difficulty  in  turning  the  telescope. 

7>.  J.  inning  ir  the  horizontal  axis  : got on. 

Difficulty  in  turning  the  axis  systems,  which  have  small 
clearance  of  the  order  of  0.0015  mm,  is  generally  due  to  thickening 
of  the  watch-oil.  This  is  corrected  by  replacing  the  oil.  To  do 
this,  dismantle  the  instrument,  remove  the  old  lubricant  from  the 
components  of  the  axial  system,  and  wipe  then  carefully  wit;,  a  cloth 


moistened  with  aviation  gasoline  and  then  again  lubricate  them  with 
watch  oil.  "hen  assemble  the  theodolite  and  adjust  it.  The  com¬ 
ponents  oT  the  horizontal  axis  system  must  be  clear. ed  and  lubricated 
with  particular  care  becoure  optical  components  are  present  in  the 
bearings  ard  the  telescope  socket. 

Jamming  of  the  horizontal  axis  system  of  the  instrument 
usually  lesults  from  displacement  or  the  bearings  (misalignment)  by 
mechanical  shock  in  transports ti on .  Consequently,  the  telescope 
will  not  turn  and  a  crossed  inapt*  of  the  dial  graduations  is  seen 
in  the  field  of  vision  of  the  r  ading  microscope.  Take  the  following 
steps  if  one  micrometer  bearing  has  been  displaced.  Slacken  c ff  by 
two  or  three  turns  the  screws  which  fix  the  micronete r  bearing  to 
the  stand.  Look  through  the  reading  microscope  and  move  the 
micrometer  bearing  in  the  support  plane  on  the  star d  until  the 
iropes  of  t.  e  dial  graduations  are  correct  and  at  the  same  time  the 
telescope  t* rna  freely  about  the  horizontal  axis.  Then  secure  the 
micrometer  bearing. 

If  both  bearings  have  been  displaced,  again  slacken  their 
holding  screws  by  two  or  three  turns,  jrt-ss  both  bearings  by  hand 
tewards  the  telescope  socket  ard  the  vertical  turntable  bousing  and 
displace  the  entire  oyster,  cf  the  upper  part  of  ti  e  instrument  on 
the  oupport  plane  of  the  stand  until  the  image*!*  of  toe  dial  gradua¬ 
tions  are  correctly  located  in  the  rending  microscope  and  the 
telescope  turns  freely,  '"’hen  carefully  tighten  the  screws  which 
secure  the  turntable  bearing  to  the  stand.  Pres*'  t.;e  micrometer 
bearing  towaids  the  telescope  socket  and  observe  in  the  reading 
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microscope  whether  there  han  been  any  displ  acement .  If  there  has 
not,  then  secure  the  micrometer  bearing. 

In  retting  the  turntable  and  micrometer  bearings  the 
micrometer  index  may  become  displaced  relative  to  the  place  where 
the  diametrically  oprosite  gruduati ons  coincide,  for  example, 

90  -  90C  .  To  correct  thin,  unscrew  the  swivelling  prism  of  the 
verticil  dial  microscope  v/ith  the  adverting  screws .  Then  the  jlace 
wiicre  the  d  i  an- •  \ric.al  1  v  opposite  t  raduatioi.s  of  the  horizontal  dial 
coincide,  for  instance,  n  -  IPO0,  should  simul taneously  coincide 
with  th**  m  i  crorT.',f  or  ir.dex. 

'.den  di  nr  e  *  rieal  iy  opuorite  graduatior  n  coincide  at  the 
px'Sition  of  the  nicror^ter  index,  ch-cV  the  general  adjustment  of 
the  ins4  n  ment ,  i.e.  choc’  the  collim.ation  error,  the  setting  of 
the  zen i th ,  e  tc  . 


40.  Pepair  of  the  optical  m.icrometer 
The  optical  micron. et'-r  may  nave  various  defects  which  call 
for  adjustment  or  replacement  of  components.  The  former  are 
corrected  by  the  procedures  described  above,  and  for  the  latter, 
spare  parts  are  reouired. 

To  correct  the  micromet»r  remove  it  from  the  instrument, 

first  undoing  the  screws  which  secure  the  micrometer  to  the  bearing, 
then  examine  the  fixings  of  the  lever  springs  and  the  springs 

themselves . 

The  optical  micrometer  is  dismantled  as  follows.  Undo  the 
micrometer  head  locV:,  remove  it  from  the  cam  shaft;  undo  the  screw 


which  secures  the  com  to  the  can  sh~  't  and  withdraw  the  cam  shaft 
frn  the  seconds  disc.  Then  undo  the  screws  which  secure  the 
micrometer  bridge  to  the  micrometer  mounting  end,  freeing  the  lever 
springs  remove  the  micrometer  bridge. 

Further,  undo  the  screws  which  secure  the  lev*  r  bridge  to 

i  ..Q  micrometer  mounting,  remove  it  from  the  mounting  and  then 

remc ve  the  levers  nnd  c.ns;  examine  tne  lever  guide  pi  nr.  If 
these  hove  boen  t  ent  or  damaged  replace  them  wi  th  new  ones  made  of 
steel  grado  U7A  or  L’PA  hardened  *  o  Rc  -  40  -  4S. 

After  se4  ting  the  g  ide  pins  on  the  levers  assemble  the 
optical  micrometer  and  examine  its  operation;  it  is  corrected  by 
fitting  new  strings  and  also  by  polishing  t..e  lever  shafts. 

41.  Perlacerent  of  the  horizontal  dial 
Jf  the  horizontal  dial  has  become  crnc’c  d  or  damaged  in  any 

way  as  a  result  of  shocb  or  dropping  the  instrument  it  must  he 

replaced.  To  rep!  >c<-  the  dial  dismantle  4  he  lover  port  of  the 
theodolite  by  the  procedure  described  above,  ’.'hen  tne  defective 
dial  has  been  rerioved  from  vhe  dial  turh  wash  tuo  seating  position 
carefully  with  aviation  unsol4ne  ard  dry  it  with  a  cloth. 

'"he  dial,  on  a  rpecial  fitting,  in  fitted  ir,  the  diol  bush. 
mhe  procedure  for  fitting  the  horizontal  dial  is  described  above. 
After  the  dial  has  been  fi"tid  assemble  the  lower  part  of  the 
‘heodolite  and  adjust  4he  horizontal  dial  microscope,  i.e.  hocus  it 
and  correct  rarallax,  r\.n  and  no  on. 


nP.  Kepi  ■»<;<■!  ent  of  the  vertical  dial 


LiVe  the  horizontal  dial,  *  he  vertical  one  is  ref  laced  if 
cracked  or  damped.  mo  do  this,  dismantle  the  upper  part  cf  ‘"he 
theodolite  (the  telescope  and  horizontl  axis)  by  the  procedure 
described  above.  Per.c  vc  the  vertical  dial  and  carefully'  wash  the 
hearing  ard  then  wipe  it  with  a  cloth - 

The  procedure  fo;  fitting  the  vertical  dial  is  described 
above.  After  it  has  been  fitted  a«rorble  t..e  u;  [  er  ['art  of  the 
"heodoli^e  and  adjust  the  vertical  dial  r.i  c  ro  scope . 
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OPTICAL  THEODOLITE  TYPE  ThB 


Chapter  6 

GENERAL  INFORMATION 
43.  Description  of  theodolite 

Optical  theodolite  ThB,  like  type  0T-02,  ia  a  high-preciaion 
geodesic  instrunent.  It  is  comparatively  light  in  weight  and 
convenient  in  use.  The  images  of  the  graduations  of  the  horizontal 
and  vertical  dials  are  transmitted  by  the  optical  system  of  the 
objective  of  the  horizontal  and  vertical  dial  microscopes  onto  a 
common  field  of  vision  of  the  reading  microscope,  the  eyepiece  of 
which  is  located  alongside  the  telescope  eyepiece.  Dial  readings 
are  made  with  a  single  optical  micrometer  with  a  scale  calibration 
of  one  second  per  division.  Tenth  parts  of  a  second  are  estimated 
by  eye. 

The  theodolite  telescope  is  straight,  of  astronomical  type, 
and  has  internal  focussing.  The  horizontal  and  vertical  dials  are 
made  of  optical  glass.  The  instrument  is  provided  with  electric 
lighting.  The  theodolite  weighs  10.5  kg,  the  carrying  case  and 
fittings  7  kg,  the  tripod  9  kg,  and  the  centering  plate  4.5  kg. 

Optical  theodolite  ThB  consists  of  two  main  parts:  the 
upper  and  lower,  which  are  Joined  together.  General  views  of  the 
theodolite  are  given  in  Figs. 46,  47,  48  and  49. 

The  base  plate  1  which  serves  as  a  basis  for  the  levelling 
screws  i 8  secured  to  the  centering  plate  or  tripod  by  a  fixing  screw 
or  a  special  screw. 
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Fiq.  46.  IhtodoHU  FhB  fro*  the  aleroeater  sidt 

J  •  bat*  plate*  ?  «  level ling  srrew:  3  •  rad  spots;  4  -  a/teuth  guide  screw  knob  S;  5  •  circular 
1a«a);  6  -  reading  elcroscope;  I  -  falascopa  locking  *cra» ;  b  -  oot  1  cal  eicroeeter  flrva;  9  •  dial 

It  a  3#  aelector  knob;  10  *  horizontal  dial  alidad*  locking  screw;  11  -  carrtar;  1?  .  carriar  support; 
6  -  cover;  4/  -  cover;  P  -  screw  plug. 


Fig.  Si.  Theodolite  !h8  (fro*  the  level  uda,  on  atand) 


lb 

tal 
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u  for  objoreln 
alidad*  lave' 


Ing  contict  level;  16  -  swivelling  covir;  H  -  switch;  19  .  catch;  ?0  .  horizon- 
...  ....  .  .....  ....Ij/J  -  knob  *or  reset  ing  hon/cntal  dial;  >b  -  r-eostai;  3/  -  telescope  focus- 
ling  ring:  38  .  protecting  ring  for  graticule  adjusting  screws;  -  front  and  back  slqhti  f0r 
approneate  *i*ing  of  telescope;  hi  •  top  cover;  S?  -  Wr  cover;  k3  -  filing  catch  for  too  cover 
•  scrim  ilfh  ipMrtgi  tor  tiling  )o»t*r  co mr,  <**j  •  ' 
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The  principal  component  of  the  lower  part  of  the  theodolite 
le  the  carrier  11  with  two  levelling  screws  2  and  one  support  12. 

The  upper  part  of  the  theodolite  rests  on  the  carrier.  The  levelling 
screws  are  used  to  set  the  vertical  axis  of  the  theodolite  over  the 
plummet . 


The  socket  28  (Pig. 48)  in  the  base  is  supplied  with 
electricity  for  lighting  the  dials  and  the  graticule.  The  optical 
plummet  36  (Fig. ^9)  for  centering  the  theodolite  is  attached  to  the 
base  of  the  carrier.  This  optical  plummet  has  a  magnification  of 
1.25  x  ,  a  field  of  vision  of  8°,  and  can  be  focuBBed  in  the  range 
of  0.2  -  7.2  m.  A  general  view  of  the  optical  plummet  is  given  in 
Fig. 50. 


rig,  48 .  Theodolite  Th8  (fro*  contact  ltwal  ".id*) 


condenser  for  electric  lighting  of  vertical  dial;  lb  -  prts*  for  obs?rvat  on  of  contact  level, 
ir*  ! it*  socket  for  electric  la«p;  ?3  -  retaining  sere,  for  ar.  ??;  -  alascopa:  ?5  -outer 

of  te  escopc  double  adjusting  screw;  ?6  •  outer  knob  of  contact  level  double  adjusting  screw, 
Jlndoi Tor  natural  l.gM.ng  of  contact  level;  ?0  •  plug  socket  for  electnc  power  supply. 


k  . 

?  • 

W nob  of  t 

?/  •  window 
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Before  centering  a  sharp  inage  of  the  graticule  io  obtained 
bj  turning  the  eyepiece  ring  of  the  optical  plummet  and  turning  the 
focussing  ring  to  obtain  a  sharp  image  of  the  centre  position. 

There  is  an  adjusting  screw  for  adjusting  the  optical  axis  of  tho 
optical  plummet  graticule  relative  to  the  vertical  axis  of  rotation 
of  the  instrument. 

The  carrier  levelling  screws  are  of  the  closed  type  and  so 
are  protected  from  dirt  and  duBt.  The  travel  of  each  screw  can  be 
adjusted. 


Fig,  49.  Theodolite  Th8  (with  coders  41  and  4?  removed) 

H  -  lighting  ilrror  for  werfieal  dial;  18  -  lighting  ■trror  for  horizontal  dial;  ?9  •  contact  level 

Cc*ir;  jA  •  condenser  for  electric  lioMino  of  contact  level  and  nori/ontal  dial;  31  •  level  adjusting 

screw*  tor  horizontal  dial  alidade;  3/  •  ilcroscope  eyepiece;  33  -  telescope  eyepiece;  34  .  telescope 

eyepiece  protective  device;  3b  •  rheostat;  3b  -  optical  plueaeij  39  •  fore  and  Pack  s i ah t s  for 
approiieate  aieing  of  telescope;  40  .  aJjustecnt  for  graticule  lighting;  bO  •  pute;  bl  •  catch  for 
reading  eicroscope. 
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A  dimmer  rheostat  35  for  the  electric  lighting  of  the  dial 
graduations  is  fitted  in  the  carrier.  The  base  plate  1  (Pig. 46) 
is  secured  to  the  carrier  by  a  locking  catch. 

Toe  horizontal  dial  ia  fixed  to  a  dial  bush  which  rotates 
around  the  vertical  axis  main  bearing.  When  the  horizontal  dial  is 
being  adjusted  it  is  turned  oy  turning  the  knob  21  (Fig.^7).  The 
main  bearing  of  the  vertical  axis  in  secured  to  the  carrier.  The 
upper  part  is  the  most  important  and  complicated  part  of  the 
theodolite . 

The  vertical  axis  of  the  instrument  is  cylindrical  and 
rotates  in  a  cylindrical  sleeve  (or  main  bearing),  and  is  fixed  to 
the  alidade  part  of  the  instrument;  the  horizontal  axis  of  the 
instrument  is  a  complicated  assembly  (see  Fig. 57)  to  which  the 
telescope  and  reading  microscope  are  fixed. 

Cne  end  of  the  horizontal  axis  fits  into  the  eccentric 
bearing  1  and  the  other  end  into  the  bearing  of  the  vertical 
turntable  housing  3* 


f*  *"  *  •,  ft  * 
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Fig.  50.  Qpffcil  pluMet  of  theodolite  I h9 


The  horizontal  and  vertical  dialj  are  illuminated  by 
Identical  rotating  mirrors  13,  18  (Pig. 49).  The  contact  level  ia 
illuminated  through  the  window  27  (Pig. 48)  which  ie  cloaed  by  a 
tilting  cover  16. 

For  operation  with  electric  lighting  it  ia  necessary  to 
fit  the  covera  41  and  42  (Pigs.  47  and  51 )  first  setting  the 
lighting  mirrorB  13»  18  in  the  path  of  the  light  from  the  condensers 
14  %  30.  The  cover  31  ia  secured  by  the  catch  43  (Pig. 47)  and  the 
cover  42  by  the  screws  with  springs  44.  If  it  is  required  to 
correct  the  position  of  the  lighting  mirrors  the  shutters  45  on 
the  casings  are  tilted  and  the  adjuctment  is  made  through  holes. 

The  horizontal  dial  and  contact  level  are  lit  by  an 
electric  lamp  fitted  to  the  knob  17  (Pig. 47)  of  the  electric  light 
switch.  Light  from  the  lamp  passes  through  the  upper  lens  of  the 
condenser  30,  fulls  on  the  contact  level  and  through  tne  lower 

condenser  lens  30  (Fig. 49)  to  the  lighting  mirror  18. 

The  vertical  dial  and  telescope  graticule  are  lit  by  an 
electric  lamp  attached  to  the  arm  22  (Pig. 48).  The  light  from  this 
lamp  passes  through  the  condenser  lene  14  and  falls  on  the  lighting 
mirror  13. 

To  change  the  electric  lamp  which  lights  the  horizontal 
dial  and  contact  level,  withdraw  the  pins  which  are  in  slots  in  the 
knob  17  (Fig. 47)  and,  holding  it  in  the  withdrawn  position,  unscrew 
and  remove  the  knob  17  to  whidh  the  lamp  holder  ia  fixed. 

To  replace  the  lamp  which  lights  the  vertical  dial  and  the 
telescope  graticule  undo  the  retaining  screw  23  (Pig. 48)  and  remove 


the  era  22  to  which  the  leap  bolder  in  fixed.  The  electric 
lighting  of  the  horizontal  and  vertical  dials,  of  the  contact  level 
and  graticule  are  switched  on  together  by  turning  the  knob  17* 

When  making  astronomical  readings  the  eyepiece  lenses  are 
removed  from  the  telescope  and  reading  microscope  and  replaced  by 
suitable  prisms.  If  the  light  is  too  brig..t,  so  that  it  is 
difficult  to  make  observations,  a  red  or  yellow  light  filter  is 
placed  on  the  telescope  eyepiece. 


Mg.  51.  Co v*r  for  l*ap 
*1  -  top  cover;  4?  -  lover  cover. 

Two  flat  spring  supports  J4  (.Pig. 40)  protect  the  teleecope 
eyepiece  from  shock  if  it  hits  the  lower  part  of  the  stand.  The 
telescope  graticule  lighting  ia  adjusted  by  turning  the  adjustment 
knob  40.  The  optical  micrometer  scale  is  illuminated  together  with 
the  dials. 

The  contact  level  of  the  vertical  dial  alidade  has  a  scale 
with  an  inscription  every  fifth  division  which  is  viewed  through  the 
prism  (Pig. 48)  from  the  telescope  eyepiece  side.  The  level  3 

is  calibrated  in  divisiona  of  10"  for  ?  mo.  As  this  prism  can  be 


turned  over,  the  level  bubble  can  be  observed  with  the  instrument 
in  the  centre-right  (CR)  and  centre-left  (CL)  positions. 

Altogether  the  theodolite  has  three  levels.  The  second 
level  which  is  calibrated  at  2'  per  division  serves  to  bring  the 
vertical  axis  of  rotation  approximately  to  the  plummot  centre 

position.  The  cylindrical  level  on  the  horizontal  dial  alidade 
with  a  calibration  of  10”  per  2  mm  is  ueed  for  accurate  adjustment. 

The  telescope  is  focussed  on  the  graticule  by  the 
focussing  ring  and  on  the  object  by  the  telescope  focussing  ring  3?» 
Under  the  protecting  ring  38  (Fig. 47)  there  are  adjusting  screws 
for  the  telescope  graticule. 

In  the  CL  position  the  optical  micrometer  is  on  the 
right-hand  upright  of  the  stand.  Fig. 46  ahows  the  optical  micrometer 
drum  8,  above  it  is  the  telescope  locking  screw  7  and  below  it  the 
dial  image  selector  knob  9  which  is  turned  to  select  the  image  of 
the  horizontal  or  of  the  vertical  dial.  The  images  of  the  dial 


calibrations  are  observed  through  the  reading  microscope  6. 

Before  taking  readings  the  illumination  of  the  field  of 


vision  of  the  reading  microscope 
uniformly  bright  by  adjusting  the 


S?.  Fitld  of  vision  of  rvadina  elcroscop* 
vith  iicrotcter  In  initial  position 


s  made  sufficiently  clear  and 
lighting  mirrors  13  and  18  (Fig. 4-9), 


Fig.  !>3.  Hold  of  vision  of  rctdmg  slcroscop* 
vhen  rtiding  90 0b6'3O' 


There  are  two  windows  in  the  field  of  vision  of  ths 
reading  microscope  (Pigs. 52  and  55) :  the  left-hand  one  is  the 
larger  and  the  right-hand  one  is  the  smaller.  The  left-hand  window 
displays  the  image  of  the  diametrically  opposite  double  lines  of  the 
dial  and  the  numbers  marked  against  them  (the  index  is  in  the 
upper  part)  and  the  right-hand  window  displays  the  image  of  the 
scale  of  the  optical  micrometer  and  the  numbers  against  the 
graduations.  The  dial  graduations  are  made  to  coincide  accurately 
by  turning  the  micrometer  drum. 

In  the  left-hand  window  (Fig. 53)  the  inscription  against 
the  upper  double  line  to  the  left  of  the  index  indicates  the  number 
of  degrees  (90°);  the  number  of  intervals  between  the  upper  line 
and  the  lower  one  which  differs  from  the  number  on  the  upper  line 
exactly  by  1dO°  gives  the  number  of  tenths  of  minutes  (50  minutes). 

In  the  right-hand  window  (Pig. 53)  on  the  left  of  the  scale 
the  number  of  whole  minutes  is  read  directly  from  the  Index  of  the 
micrometer  scale  (6  minutes)  and  on  the  right  the  number  of  whole 
seconds  (36  seconds),  and  the  tenths  of  seconds  are  estimated  by 

eye  (0.5  seconds).  Thus  the  complete  reading  is  90°56' 36.5" • 

In  order  to  make  a  reading  on  the  vertical  dial  the  selector 

9  is  turned  until  the  letter  H  appears  in  the  slot  in  its  knob 
and  on  the  knob  Itself,  then  the  dial  graduation  lighting  is  adjusted. 

The  subsequent  procedure  and  the  actual  reading  are  juat 
the  same  as  in  reading  the  horizontul  dial. 

The  zenith  distance  is  calculated  by  the  formula: 

_  k;i  -  nn  -i-  360 

'  o 

(2*) 
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and  the  location  of  the  senith  from  the  formula 


Af,= 


-f  Kn-360° 


The  following  formula  la  used  to  ch 
the  senith  distances: 


calculation  of 


and 


Z  =  K.1  -  M. 


7  =  M,  ^  360 5  -  Kfl. 


44.  The  optical  system 

The  optical  system  of  theodolite  ThB  is  represented 
diagrammatically  in  Fig. 54  and  consists  of  the  following  main 
assemblies  and  components,  the  optical  systems  of: 

(a)  the  telescope; 

(b)  the  horizontal  dial  aicroscope  objective; 

(c)  the  vertical  dial  microscope  objective; 

(d)  the  micrometer; 

(e)  the  reading  microscope; 

(f)  the  optical  plummet,  and 

(g)  the  horizontal  and  vertical  dials. 

The  telescope  optical  system  consists  of  a  compound  objective,  a 
graticule  and  two  interchangeable  eyepieces. 

The  principal  characteristics  of  the  telescope  are: 

Tube  magnification,  56  x  and  68  x 

Angle  of  field  of  vision,  1°14' ;  0°52,3O" 

Focal  length  of  objective,  25 9  m 


Equivalent  focal  length  of  objective,  381  db 
Diameter  of  free  aperture  of  objective,  60  mo 
Focussing  range,  from  10  metres  to  infinity 
Focal  length  of  eyepiece,  11.25  mm  and  8  mm 
Magnification  of  eyepiece,  22  x  and  31  x 
Field  of  vision  of  eyepiece,  39° *  40° 

Diameter  of  eyepiece  iris,  1.75  mo  and  1.25  did 

The  telescope  objective  consists  of  the  actual  objective  4, 
5  (Fig. 5*0  and  a  focussing  lens  3  (built  up  from  two  lensea),  the 
gratioule  consists  of  two  cemented  plane-parallel  platea  2,  one  of 
which  carries  the  hair  lines  (Fig. 55). 

The  interchangeable  eyepieces  are  orthoptical  and  consist 
of  a  cemented  three  lens  assembly  and  eyepiece  lens. 

The  graticule  position  can  be  adjusted  horizontally  and 
vertically,  the  adjusting  screws  are  covered  by  a  protecting  ring 
38  (Fig.47). 

Tne  optical  system  of  the  horizontal  dial  microscope  objective 
consists  of  a  lighting  prism  30  (Fig. 5^0*  ®  horizontal  dial  with 
condenser  31  *  alidade  prisms  29,  2 6  (with  a  system  of  tram  am 1 1 ting 
lenses  28,  27)  the  horizontal  dial  ? 5,  a  swivelling  prism  23  and 
objective  22,  21  with  a  magnification  of  3*05  X  . 

The  optlcel  system  of  the  vertical  dial  microscope  objective 
consists  of  a  vertical  dial  lighting  prism  45,  with  condenser  46, 
alidade  prisms  44,  41  with  transmitting  system  lens  43,  42,  the 
vertical  dial  40,  the  prism  unit  38,  37,  the  objective  36,  35,  with 
a  magnification  of  3.82  the  prism  3^»  the  collector  19,  and  the 
selector  prism  20. 
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Fig.  5**.  Oiagraa  of  optical  systaa  of  theodolite  7 hB 


Fig.  55 


Via*  of  graticvla  in  ftald  of  vision  of  talascopa 


The  horizontal  and  vertical  dlala  are  lit  bj  mirrors  and 
the  lighting  system  consisting  of  electric  lamps  49,  56  and 
condensers  50,  57.  Moreover,  light  from  the  electric  lamps  falls 
on  the  metal  mirror  58  to  light  the  telescope  graticule  2. 

The  optical  system  of  the  micrometer  is  arranged  in  such  a  way  that 
the  images  of  the  graduations  of  the  horizontal  and  vertical  dials 
and  also  of  the  graduations  of  the  scales  and  index  of  the  micrometer 
epnear  in  the  same  plane  and  can  be  read  through  the  reading 
microscope . 

The  optical  system  of  the  micrometer  consists  of 
stationary  wedges  16,  17,  micrometer  wedges,  14,  15,  the  separating 
prism  unit  13,  12,  the  micrometer  scale  18,  and  the  plane-parallel 
plate  11  with  diaphragm  (Fig. 54). 

The  reading  microscope  consists  of  the  collector  lens  10,  the 
reading  microscope  prism  9,  the  objective  7  and  the  eyepiece  6.  It 
ia  common  to  ti:e  optical  systems  of  the  objectives  of  the  horizontal 
and  vertical  dial  i  icroscopes,  since  both  objectives  are  focussed  on 
a  single  plane  which  passes  through  the  line  of  separation  of  the 
separating  prism  unit  15,  12  and  is  perpendicular  to  the  axis  of  the 
collecting  lens  10  of  the  reading  microscope. 

The  magnification  of  the  reading  microscope  is  16.6  x  end 
the  overall  magnification  of  t..e  microscope  for  the  Horizontal  dial 
is  50.5  X  and  for  the  vertical  dial  65.5  X.  The  field  of  vision 
of  the  reading  microscope  in  the  horizontal  and  vertical  dials  is  2° 
(in  dial  divisions). 

The  optical  Bystem  of  the  plummet  (Fig. 56)  consists  of  a 


prism  2,  an  objective  3  and  an  eyepiece  4.  The  hair  line  is  marked 
on  the  first  lens  of  the  eyepiece. 

The  horizontal  and  vertical  dials 

The  horizontal  and  vertical  dials  of  theodolite  ThB  are 
made  of  optical  glass.  The  diameters  of  the  circles  on  which  the 
graduations  are  marked  is  125  ±  0.05  mm,  for  the  horizontal  dial, 
end  100  ♦  0.05  mm  for  the  vertical  dial.  The  total  error  in  the 
diameter  f  the  horizontal  dial  does  not  exceed  ♦  2"  and  the 
smallest  division  of  the  dials  is  2C  minutes?  the  thickness  of  the 
dial  graduation  lines  is  0.01  “  0.002  run. 


n9.  56.  Oiigraa  of  th»  optical  arrangements  of  tha  optical  plu*s«t 
1  -  co »«r  glass;  ?  -  pris*;  3  -  objective;  .  eyepiece. 

The  tolerated  eccentricity  of  the  graduated  circle  relative 
to  the  central  aperture  of  the  dial  is  of  the  order  of  0.1  mm  and 
the  plane  surfaces  of  the  dial  should  not  be  more  than  20"  out  of 
p  arallel . 

Optical  micrometer  scale 

The  optical  micrometer  scale  is  arranged  in  such  a  way  that 
displacement  of  the  dial  graduations  by  10'  caused  by  moving  the 
micrometer  wedges  corresponds  to  a  scale  displacement  of  600 
divisions  in  the  field  ,f  view  of  the  reading  microscope  (scale 
length  55  mm). 

•  If  the  dial  is  subdivided  into  400^  (grades),  the  smallest 

division  i b  2 0C . 
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If  the  dial  is  divided  into  360°  the  ecale  ie  divided  into 

600  divisions  each  of  1"  and  if  the  dial  is  divided  into  4-00  grades 

CC 

the  scale  is  divided  into  1000  divisions  each  of  1 

Microscopes  and  path  of  light 

In  the  optical  system  of  theodolite  ThB  the  horizontal  and 
vertical  dial  microscopes  are  systems  in  which  the  optical  micrometer 
and  the  reading  microscope  are  common  to  both.  Let  us  consider  the 
path  of  light  in  the  microscope  of  the  horizontal  dial  (Fig.^)* 

Light  from  the  electric  lamp  56  passes  through  the  condense: 
57  to  the  mirror  33*  The  light  reflected  from  the  mirror  passes 

through  the  prism  30  with  the  condenser,  and  lights  the  dial 
graduations.  Then  the  light  passes  through  the  alidade  prism  29 
through  the  system  of  lenses  28,  27  and  the  alidade  priBm  2b  which 
reflects  the  light  onto  the  diametrically  opposite  part  of  the 
horizontal  dial  25.  Close  to  the  graduations  of  this  part  of  the 
dial  there  is  also  an  image  of  the  graduations  located  on  the 
diametrically  opposite  part  of  the  dial.  The  system  of  transmitting 
lenses  28,  27  has  a  magnification  of  unity  and  gives  an  image  of 
the  first  graduations  in  the  path  of  the  light  beam  in  the  plane  of 
the  graduations  of  the  opposite  part  of  the  dial;  as  the  light 
beam  from  them  passes  through  the  optical  parts  29,  28,  27,  26  the 
brightness  of  the  image  of  these  graduations  is  weaker  than  that  of 
the  opposite  ones.  The  further  path  of  the  light  is  downwards  to 
the  prism  23  which  is  fixed  rnder  the  horizontal  dial.  This  prism 
directs  the  image  of  the  diametrically  opposite  graduations  of  the 
dial  to  the  microscope  objective  of  the  horizontal  dial  22,  21. 


The  light  passes  through  the  objective  (the  selector  prism  being 
out  of  line)  and  the  light  beams  from  the  correeponding  graduations 
pass  through  their  optical  wedges  16,  1?  (refractive  angle  1°07'30"), 
the  light  beam  then  passes  through  the  wedges  14,  15  of  the  optical 
micrometer  v.-ith  refractive  angles  of  1o0?'30M. 

""he  angles  of  tho  optical  micrometer  wedges  and  of  the 
wedges  above  them  are  opposite  in  direction.  Ths  wedges  of  the 
optical  micrometer  differ  in  thickness,  they  are  made  in  this  way 
in  order  to  compensate  the  difference  in  the  length  of  the  path 
of  light  from  the  opposite  graduations  of  the  dial. 

After  passing  through  the  optical  micrometer  wedge  the 
light  reaches  the  aeparating  prism  unit  15,  12  conaisting  of  a 
prism  to  which  is  cemented  a  wedge  with  a  refracting  angle  of  30 
minutes.  Part  of  the  prism  surface  under  the  wedge  is  silvered. 

The  beam  of  light  which  passes  through  the  thick  wedge  of  the 
optical  micrometer  14  passes  through  the  separating  prism  to  the 
wedge  and  is  reflected  from  its  back  surface  and  re-enters  the 
prism;  ao  the  beam  leaves  the  wedge  an  image  of  the  dial 
graduations  is  obtained.  The  second  beam  which  enters  the 
separating  prism  from  the  thin  wedge,  and  receives  an  image  of  the 
diametrically  opposite  graduations  of  the  dial .  The  line  of 
separation  between  the  images  of  the  diametrically  opposite 
graduations  is  the  edge  of  the  silvered  surface  of  the  prism.  To 
the  side  of  the  separating  prism  is  cemented  the  microrcstux'  scale 
lighting  prism  on  which  the  index  of  the  micrometer  scale  is  marked, 
and  to  the  front  the  collector  lens  10  with  a  plane-parallel  plate 
on  which  the  diaphragms  with  indexes  are  marked. 


The  images  of  the  dial  graduations,  the  micrometer  scale 
divisione  and  also  the  micrometer  acale  index  are  in  a  single  plane 
and  are  examined  through  the  reading  microscope  which  consists  of 
the  collector  lens  10,  the  prism  9*  the  objective  7  and  the 
eyepiece  6. 

The  path  of  light  in  the  vertical  dial  microscope  is  as 
follows  (Fig. 5*0*  Light  from  the  electric  lamp  4°  passes  through 
the  condenser  50  to  the  mirror  48  (in  Fig. 54  the  mirror  48  is  not 
orientated).  The  light  reflected  from  the  mirror  passes  through 
the  prism  45  with  the  condenser  46  and  illuminates  the  graduations 
on  the  vertical  dial.  Further, the  light  passes  through  the  alidade 
prism  44  through  the  Ions  system  43,  4 2  and  the  other  alidade  prism 

41  which  reflects  the  light  from  the  diametrically  opposite  part  of 
the  vertical  dial.  Near  the  graduations  cf  this  part  of  the  vertical 
dial  there  is  produced  an  image  of  the  graduations  on  the  opposite 
part  of  the  dial.  The  transmitting  system  of  lenses  43,  42  has  a 
magnification  of  unity  and  gives  an  image  of  the  first  graduations 
in  the  path  of  the  beam  of  light  in  the  plane  of  the  graduations  of 
the  opposite  part  of  the  vertical  dial.  As  the  light  beam  from  the 
first  graduations  passes  through  the  optical  parts  44,  43,  42,  41, 
their  images  are  somewoat  less  bright,  than  the  opposite  ones.  The 
light  then  passes  through  the  unit  with  prisms  38,  37»  whicn  is 
behind  the  vertical  dial  and  in  which  the  light  undergoes  multiple 
reflection  and  1b  directed  to  the  objective  of  the  vertical  dial 
microscope  36,  55*  Passing  through  the  objective  the  light  goes 

through  the  prism  34  and  the  lens  19  and  reaches  the  selector  prim 
20,  and  further  to  the  optical  wedges  16,  17»  and  into  the  optical 
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micrometer.  Tb©  path  of  light  in  the  optical  micrometer  is 
depcrlbed  above. 


45.  System  of  axes 

The  horizontal  axis  system  of  the  instrument  (Pigs.57%58) 
includes  the  following  components:  the  adjustable  bearing  1,  the 
horizontal  axis  2,  the  turntable  bearing  3,  the  bearing  bush  4  and 
tho  alidade  part  of  the  vertical  dial  5*  One  end  of  the  horizontal 
axis  (in  the  CL  poeition)  rune  in  the  adjustable  bearing  1  which  is 
in  the  right-hand  upright  of  tbe  stand  (see  Pig. 70).  The  outer 
diameter  of  the  cylindrical  part  of  the  bearing  is  eccentric 

relative  to  the  inner  diameter  which  serves  as  the  bearing  of  the 
horizontal  axis.  Therefore,  by  releasing  three  screws  which  secure 

the  bearing  to  the  support  upright,  and  turning  the  bearing,  the 
slope  of  the  horizontal  axis  can  be  adjusted  relative  to  the  verti¬ 
cal  axis  of  the  theodolite.  Between  the  adjustable  bearing  1 
(Fig. 70)  and  the  horizontal  axis  there  is  a  gland.  At  the  other  end 
the  horizontal  axis  is  supported  by  the  turntable  bearing  3  which  is 
secured  co  tbe  bearing  bush  4  and  the  vertical  turntable  housing. 

The  axis  of  the  alidade  part  of  the  vertical  dial  rune  in  the 
bearing  bush  4  (Pig. 58)  ,  there  is  another  gland  between  the 
horizontal  axis  and  the  cover  of  the  vertical  turntable  housing. 

The  system  of  vertical  axes  of  the  instrument  (Pig. 39) 
includes  the  following  components:  the  vertical  axis  1 ,  the  vertical 
axis  main  bearing  2,  and  the  dial  sleeve 

The  vertical  axis  is  screwed  securely  to  the  stand , (Fig. 60) 
and  turns  in  its  main  bearing  2  (Fig. 61)  which  is  secured  to  the 
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Fig.  bl.  Horizontal  lift  ilfi  bearings  and  ilidide  part 

I  •  adlustaole  bearing;  ?  -  horizontal  ads;  3  -  turntable  bearing;  U  -  bearing  bush;  5  •  alidade 
part;  o  -  telescope  filing  scree;  /  -  uindue;  8  *  einooe  of  bearing  bush  limiter. 


Fig.  bfl.  Horiiontal  aiit  tytfee 

1  •  adjustable  bearing;  ?  .  horizontal  aits;  3  •  turntable  bearing;  k  .  bearing  bush;  5  •  alidade 
part;  6  •  telescope  filing  scree. 
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dial  casing  sleeve  by  three  screws.  The  dial  casing  sleeve  6 
(Pig* 59)  is  attached  to  the  carrier  by  three  screws. 

The  vertical  axis  thrust-bearing  7  is  located  at  the 
bottom  of  the  dial  casing;  it  serves  as  a  bearing  for  the  spherical 
end  of  the  vertical  axis.  Pig. 62  shows  the  dial  sleeve  with 
horizontal  dial  and  driving  gear.  The  dial  sleeve  is  fixed  to  the 
vertical  axis  main  bearing  by  a  spring  ring  which  runs  in  the 
half-ring  3  (Fig. 61)  and  the  dial  sleeve  and  dial  can  turn  around 
the  vertical  axis  main  bearing.  The  dial  is  reset  by  turning  the 
knob  21  (Fig.47),  on  the  axis  of  which  is  a  drive  which  connects 
the  dial  sleeve  to  the  gears. 

The  vertical  pressure  of  the  entire  upper  part  of  the 
theodolite  ia  only  transmitted  through  tue  vertical  axis  thrust 
bearing  (Fig. 59)  and  there  is  hardly  any  pressure  on  the  side 
surface  of  the  vertical  axis  1 . 

46.  Optical  micrometer 

The  optical  micrometer  is  used  to  make  readings  of  the 
horizontal  and  vertical  dials.  The  horizontal  and  vertical  dials 
are  sub-divided  at  intervals  of  20' t  the  micrometer  scale  has  6C0 
divisions  each  of  1",  and  displacement  of  the  scale  over  its  entire 
length  corresponds  to  10*.  Geteral  views  and  individual  components 
of  the  optical  micrometer  are  shown  in  Figs.63»  64  end  65.  The 
optical  micrometer  is  constructed  as  follows.  All  the  parts  of  the 
micrometer  are  secured  to  the  base  plate  1  (Fig. 63) »  the  slider  3 
runs  in  the  guide  2,  the  rack  5  (Fig. 65) »  the  micrometer  scale  4 
and  the  micrometer  wedge  mounting  6  are  all  secured  to  the  slider  3» 
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.  Fig.  bJ.  Vertical  a«is  systeo 

-  vertical  axis;  ?  -  vertical  a»is  oam  tearma;  ?  -  split  ring;  k  -  special  dial  retaining  ring; 

-  dial  bush;  b  -  dial  casing  bush;  1  -  vortical  am  thrust  bearing. 


Fig.  GO.  Upper  part  of  theodolite  vlth  vortical  a«la 
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The  rack  5  engages  with  the  pinion  7  (Pig. 64)  on  the  drum  of  the 
optical  micrometer.  Aa  the  drum  turns  the  slider  3  moves  on  the 
guide  2  together  with  the  scale  and  the  micrometer  wedges.  Above 
the  optical  micrometer  wedges  there  is  a  mounting  10  (Fig. 63)  with 
the  separating  prism  unit,  and  under  its  wedges  the  mounting  8 
containing  the  stationary  wedges  and  the  mounting  9  containing  the 
dial  image  selector  prism.  As  the  micrometer  wedges  and  scales  are 
securely  Joined  together  defects  in  the  mechanism  sue  i  as  slackness 
or  play  can  have  no  effect. 


Fig.  61.  lover  part  of  theodolite 

?  •  vortical  nis  win  bearing;  3  -  half  ring;  4  * 
special  dial  securing  ring  with  aii  retaining  tcrevs. 
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The  micrometer  operates  as  follows.  To  make  a  reading  on 
the  dials  the  images  of  the  diametrically  opposite  graduations  of 
the  dial  ar^  made  to  coincide.  This  is  done  by  turning  the 
micrometer  drum  which  is  located  on  a  common  shaft  with  the  pinion 
VCPig.S4*-)  so  moving  the  rack  5  with  the  slider  5  (Pigs.65»  65). 
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Fig.  63.  Optical  eicroeeter 

J.  sic rpeeter  base;  2  -  guide;  3  •  slider;  <•  -  eicroeeter  scale*  b  •  aounttng  with  eicroeeter  Hedges; 

•  eounting  with  wedges;  9  «  eountmq  tor  dial  selector  prise;  IQ  -  eountinq  for  separating-prise  unit. 

Movement  of  the  slider  alters  the  position  of  the  micrometer  wedges 
so  that  the  sighting  rays  are  displaced  until  the  images  of 
diametrically  opposite  graduations  coincide. 
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fig.  G*.  Hicroeeter  base 

?  •  gwidee;  7  •  pinion;  6  •  counting  with  wedges;  9  •  counting  with  selector  pries. 


After  the  opposite  graduations  have  been  made  to  coincide 
dial  readings  are  taken  on  the  micrometer  scale  aginst  the  diaphragm 
index. 


fig.  65.  Coaponanta  of  optical  alcroaatar 
4  •  alcroaatar  scila;  5  -  rack;  6  •  alcroaatar  uadgas;  11  «  aaparatlng  prlaa  unit. 


Chapter  7 


CHECKING  AND  PITTING  THE  INDIVIDUAL 
COMPONENTS  OP  THE  THEODOLITE  ThB 

The  method  of  checking  optical  theodolite  ThB  before 
starting  work  is  similar  to  that  used  in  checking  optical  theodolite 
CT-02.  Therefore,  we  describe  only  the  examination  and  adjustment 
of  the  individual  components  of  the  theodolite  ThB  which  is 
necessary  when  making  repairs. 

When  an  optical  theodolite  is  repaired  certain  adjustments 
are  necessary,  particularly  if  individual  components  or  assemblies 
have  ooen  replaced.  On  the  ThB  theodolite  these  adjustments  includes 
fitting  the  horizontal  dial,  fitting  the  vertical  dial,  assembly  and 
adjustment  of  the  telescope  objective,  adjustment  of  the  optical 
micrometer,  fitting  of  the  reading  microscope  prism,  adjustment  of 
the  optical  system  of  the  horizontal  dial  microscope,  checking  the 
angle  between  the  horizontal  axis  of  the  telescope  and  the  vertical 
axis  of  the  instrument,  adjusting  the  optical  system  of  the  vertical 
dial  microscope,  fitting  the  dioptric  ring  and  fitting  the  graticule 
Jus  88'in  theodolite  0T-02 ,  correcting  M  of  the  vertical  dial, 
checking  the  collimation  error,  checking  the  optical  plummet. 

Special  lubricants  are  applied  whilst  the  components  are 
being  adjusted  and  during  final  assembly.  After  final  assembly  the 
instrument  is  hermetically  sealed  by  applying  a  special  compound 

with  a  soldering  iron. 


47.  Pitting  the  horizontal  dial 

The  process  of  fitting  the  horizontal  dial  of  theodolite 
ThB  ie  similar  to  that  of  theodolite  0T-02,  i.e.,  fitting  of  the 
dial  consists  in  centering  it  on  the  dial  sleeve  relative  to  the 
vertical  axis  of  the  instrument.  The  dial  eccentricity  should  not 
then  exceed  10",  and  the  alidade  eccentricity  20". 

The  dial  with  the  lower  part  of  the  theodolite  is  set  up 
on  a  special  stand  (see  Fig. 9).  Slacken  the  six  screwa  in  the 
special  retaining  ring  4  (see  Fig.5Q)  which  clamps  the  dial  to  the 
dial  sleeve,  centre  the  lower  part  of  the  theodolite  relative  to  the 
centre  of  the  device.  First  focus  the  microscope  on  the  images  of 
diametrically  opposite  graduations  of  the  dial,  then  orientate  the 
microscope  on  the  graduations  and  proceed  to  centre  the  dial. 

Displace  the  dial  relative  to  the  dial  sleeve  by  -he  special  screws 
provided  on  the  adjusting  device.  Continue  centering  until  the  above 
mentioned  requirements  are  met  after  which  the  six  screws  on  the 
special  ring  4  are  tightened  to  secure  the  dial  on  its  sleeve. 

40,  Fitting  the  vertical  dial 

The  vertical  dial  is  set  up  on  a  special  device  (Fig. 66)  in 
such  a  way  that  a  line  passing  through  diametrically  opposite 
graduations  (90  -  270°)  is  perpendicular  to  the  axis  of  the  aperture 
for  the  telescope  in  the  horizontal  axis. 

A  reading  is  token  with  a  microscope  in  the  first  position, 
it  is  then  transferred  to  position  2  and  another  reading  is  taken. 

If  tuere  is  much  difference  between  the  readings  the  dial  position 
must  be  altered.  Checking  is  continued  until  the  difference  between 


the  readings  does  not  exceed  3  -  ^  minutes.  This  check  makos  it 


easier  to  r«duce  the  value  cf  M  of  the  vertical  dial. 


Fig.  W>.  Dautcc  for  fitting  thu  »«rtlc*l  Jlal 
?  •  Support  for  uio  wHtn  ■Icroscops  it  in  th#  sscond  position. 


Pix  to  the  devices  shown  in  Figs.  9  and  10  the  shaft  which 
carries  the  horizontal  axis  with  the  vertical  dial.  Focus  the 
microscopes  on  the  images  of  the  graduations  and  release  the 
clamping  ring  of  the  vertical  dial,  then  centre  the  vertical  dial. 

The  eccentricity  of  the  vertical  dial  should  not  exceed  20".  After 
the  vertical  dial  has  been  centred  it  is  locked  by  the  special  ring 
w:  th  screws. 
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^9.  Assembly  and  adjustment  of 
the  telescope  objective 

The  optical  system  of  the  telescope  of  theodolite  ThB 
.onsiats  of  a  tele-objective,  graticule  and  an  crthoscopic  eyepiece, 
he  objective  consists  of  a  two-lens  actual  objective  and  a  two-lene 
ocussing  component  (or  focussing  lens). 

If  it  is  required  to  replace  the  objective  lenses  and  the 
data  required  for  optical  calculation  are  not  available,  it  is 
necessary  to  measure  the  following  properties:  the  focal  length, 
the  thickness  of  the  lenses  on  the  centre  line,  the  radii  of 
curvature  and  refractive  indices.  The  radii  of  curvature  of  the 
lenses  are  measured  with  a  precision  spherometer .  Measurement  of 
the  focal  length  and  refractive  indices  of  the  lenses  is  described 
in  Appendices  1  and  2.  The  manufacture  of  new  lenses  is  based  on 
the  results  of  the  measurements. 

In  assembling  and  adjusting  the  theodolite  telescope 
objective,  the  air  gap  between  the  first  and  second  lenses  of  the 
objective  must  be  kept  constant  by  adjusting  the  spacer  ring  and  then 
centering.  If  the  spacer  ring  is  undamaged,  then  only  centering 
is  necessary  after  the  objective  has  been  assembled.  To  do  this 
the  tube  is  first  set  up  in  an  optical  bench.  Observe  in  the  tube 
a  point  located  at  the  focus  of  the  collimator  of  the  optical  bench 
and  determine  the  quality  of  centering.  Good  centering  can  be 
achieved,  provided  that  the  components  are  of  good  quality,  by 
turning  the  lennes  of  the  objective  relative  to  one  another.  After 
centering  the  telescope  optical  eysten  a  mirror  is  set  in  the 
collimator  focue  and  it  is  observed  in  the  telescope  through  the 


collimator  and  the  quality  of  the  image  and  the  renolving  power 
of  the  telescope  objective  are  determined.  The  resolving  power 
in  the  centre  of  the  field  of  vision  should  be  of  about  2". 5. 


50.  Adjustment  of  the  optical 

micrometer 

A  general  view  of  the  optical  micrometer  and  its 
components  la  shown  in  Pigs.  63,  65.  First  set  the  micrometer 

wedges  6  (Fig. 65)  by  means  of  the  autocolliraator  and  then  make  a 
preliminary  setting  of  the  micrometer  scale  and  the  fixed  wodge6  8 
in  their  mountings  (using  the  au^ocollimator) . 

The  most  important  assembly  of  the  optical  micrometer 
in  the  theodolite  ThB  is  the  separating  prism  unit  (Fig. 67)  which 

consists  of  the  following  parts.  (a)  prism,  (b)  a  wedge  of  30', 
(c)  a  plane  -parallel  plate,  (d)  a  collecting  lens  for  the 

reading  microscope,  (e)  a  prism  for  illuminating  the  micrometer 
sc«le,  (f)  a  plate  which  secures  the  wedge  to  the  prism. 

^he  plane  of  the  wedge  to  which  the  prism  is  cemented  is 
partially  nilvered,  toun  forming  a  nepnrating  line  botwccn  the 
imac-es  of  diametrically  opposite  graduations  of  the  dial.  The 
opposite  plane  of  the  wedge  is  completely  silvered.  The  plane- 
parallel  plQte  (c)  carries  the  diaphragms.  All  the  components  of 
the  separating  prism  unit  are  cemented  together.  Cementing  the 
separating  prism  unit  ia  a  complicated  process  because  the  following 
conditions  must  be  ',et. 
v 


Hfl.  67.  01  agraa  of  stpiratfnq  prlu  unit 


The  line  of  separation  (the  silvered  edge)  and  the  index 
must  be  in  the  centre  of  the  aperture  of  the  diuphragm  with  a 
tolerance  of  0.05  nun.  The  line  of  separation  must  be  parallel  to 
the  edge  of  the  diaphragm  with  a  tolerance  of  10'.  The  cemented 
planes  of  the  wedge  and  priam  must  be  of  high  quality,  and  therefore 
the  cementing  must  be  done  accurately  to  avoid  scratching  or  other 
damage.  The  outlet  faces  of  the  priam  (a)  and  (e)  ouat  be  parallel 
with  a  tolerance  of  10' .  When  the  components  are  cemented  there 
should  be  an  angle  of  50'  with  a  tolerance  of  ♦  1'  between  the  flats 
of  the  prism  (a)  and  the  reflecting  flat  of  tne  wedge  (b). 

To  protect  the  wedge  against  creep ,  the  edge  of  the  Junction 
between  the  wedge  and  the  prism  er.d  also  the  pla’e  f  whicn 
secures  the  wedge  to  the  prism  are  secured  with  a  mixture  of  fish- 
glue  and  gypBum. 

When  the  quality  of  the  cementing  has  been  checked  the 
separating  prism  unit  in  its  mounting  is  fitted  in  the  micrometer. 
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The  optical  micrometer  is  finally  adjusted  in  the 
instrument  and  the  range  of  displacement  of  the  micrometer  scale, 
its  zero  position,  etc.,  are  set,  after  which  the  scale,  wedge, 
and,  also,  the  separating  prise  unit  are  finally  locked.  When  the 
optical  micrometer  has  been  adjusted,  on  looking  through  the 
reading  microscope  the  line  of  separation  of  opposite  graduations 
of  the  dial  should  be  In  the  centre  of  the  diaphragm  and  parallel 
to  its  edge,  the  micrometer  ac; le  index  should  be  in  the  centre  of 
the  diaphragm  and  the  micrometer  scale  should  not  be  skewed. 

51 •  Fitting  the  reading  microscope  prism 

In  adjusting  the  microscope  optical  systems  in  theodolite 
ThB  it  ia  very  important  that  the  prism  of  the  reading  microscope 
should  be  correctly  fitted,  i.e.  trie  images  of  diametrically 
opposite  graduations  of  the  dial  should  be  uniformly  lit  and 
arranged  in  a  circle  which  in  an  image  of  the  free  aperture  of  the 
objective  of  the  reading  microscope. 

Before  fitting  the  prism  of  the  reading  microscope  check 
the  bearing  planes  of  the  prism  mountings.  The  mounting  with  the 
prism  is  then  placed  in  the  horizontal  axis  of  tne  instrument.  The 
prism  of  the  reading  microscope  is  adjusted  with  the  adjusting 
screws  of  the  mounting  through  the  window  7  (Fig. 57).  The  process 
of  fitting  the  prism  ia  similar  to  that  used  in  theodolite  0T-02; 
the  inlet  face  of  the  prism  should  be  perpendicular  t<~>  the  axis  of 
rotation  of  the  tube  and  the  outlet  face  symmetrical  with  the 
aperture  of  the  readirg  microscope. 


52.  Adjustment  of  the  optical  system  of 
the  horizontal  dial  microscope 

Provided  that  the  optical  system  of  the  reading  microscope 
and  the  optical  micrometer  have  been  checked,  the  adjustment  of  the 
optical  system  of  the  horizontal  dial  microscope  consists  in 
adjusting  the  optical  system  of  the  microscope  objective. 


The  objective  of  the  horizontal  dial  microscope  22,  21 
(Fig. 5*0  ie  first  focussed,  so  that  the  dial  graduations  visible  in 
the  field  of  vision  are  sharp,  by  moving  the  objective  and  its 
mounting  along  the  axis.  For  this  purpose  unscrew  the  screws  of 
the  cover  46  (see  Fig. 46),  remove  it  from  the  stand  and  release  the 
screws  which  hold  the  mounting  of  the  horizon  cal  dial  microscope 
objective.  Access  is  then  available  to  the  screws  which  secure 
the  mounting  to  the  components  of  the  horizontal  dial  microscope 
objective . 


The  rriem  23  (Fig. 54)  which  transmits  the  images  of  the 
dial  graduations  to  the  microscope  objective  is  adjusted  through 

the  window  of  the  closed  cover  47  (Fig. 46).  When  a  sharp  image  of 
the  dial  graduations  has  been  obtained  adjust  the  alidade  part  of 
the  optical  system  of  the  objective;  to  do  this,  unscrew  the  four 
screws  of  the  plate  40  (Fig.  68), remove  it  from  the  stand  and  then 
remove  the  level  of  the  horizontal  dial  a 1 i d n d c  .  Working  through 
the  window,  unscrew  the  screws  which  secure  the  mounting  of  the 
prisms  26,  2^  (Fig.54)*  Look  througn  the  leading  uiicroacopc  and  me  ~ 
the  lenses  of  the  transmitting  system  28,  27  until  the  intervals  are 
equal  and  there  is  no  parallax  between  diametrically  opposite 
graduations  of  the  dial.  The  mounting  with  the  lenses  ?A,  2?  is 
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Fig.  68.  Upper  pgrt  of  theodo'fte  ThP  (housing  of  vertical  turntabla,  adjusting  »cr#s*  and  Imli 
removed, 

*9  •  plata:  49  -  alidads  base:  0  -  vertical  dial  microscope  objective;  B  -  lift  for  prlsa  unit  ehlch 
transmits  images  of  vertical  dial  graduations  to  the  oicroscopo  objective;  A  and  C  -  apertures  for 
adjusting  objective  and  pnsa. 
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Fig.  69.  Alidade  part  of  horizontal  dial 

1  and  4  .  sountings  vit  lensos  of  transmitting  system,  ?  and  3  •  scrtvi;  S  and  6  •  scrtvj  vMch 
socure  the  alidade  part  in  the  vertical  aiis. 


t 


1  -it# 


moved  through  the  two  apertures  which  are  closed  by  the  plugs  P 
(Fig. 46).  Unturn  the  plug  P  (from  the  side  of  the  circular  level) 
unscrew  the  screws  2,  3  (Fig. 69)  which  secure  the  lens  mountings 
28,  27  (Fig. 54). 

The  images  of  diametrically  opposite  graduations  of  the 
dial  which  ar<  given  by  the  horizontal  dial  microscope  objective 
should  be  in  the  centre  of  the  field  of  the  diaphragm  which  ie 
visible  in  the  reading  microscope  and  the  graduations  should  be  of 
c^ual  5  i  no  end  perpendicular  to  th<*  of  Reparation.  This  ie 

achieved  by  adjusting  the  prisms  2 9»  26  and  also  by  displacing  the 
prism  23.  The  run  of  the  horizontal  dial  microscope  1b  corrected 
by  altering  the  distance  between  components  of  the  microscope 
objective  22,  21.  In  preventing  run  the  focus  of  the  objective  is 
somewhat  disturbed,  consequently,  during  the  process  of  adjustment 
it  is  necessary  to  make  the  image  of  the  graduations  sharp  by  moving 
the  objective  mounting  along  its  optical  axis.  The  amount  of  run 
of  the  horizontal  dial  microscope  should  not  exceed  1  division  of 
micrometer  scale. 


To  correct  run  it  is  necessary:  (1)  If  the  number  of 
divisions  on  the  mic  loose  ter  scale  in  greater  than  600  the  microscope 
magnification  is  too  high.  Therefore  increase  the  distance  between 
the  components  01  the  objective  (22,21)  (Flg.5'0  whilst  displacing 
the  image  of  the  dial  graduations  by  one  division  (by  turning  the 
micrometer  drum).  (2)  Reduce  the  distance  between  the  components 
of  the  microscope  objective  if  the  number  of  divisions  is  less  than 
600  because  then  the  magnification  of  the  microscope  ie  too  little. 
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To  determine  what  effect  a  change  in  the  distance  between 
the  coaponents  of  a  microscope  objective  of  theodolite  ThB  has  on 
the  magnification  expressed  in  scale  diviaions  of  the  optical 
micrometer,  let  us  denote  the  size  of  the  half  interval  between 
the  double  graduations  of  the  dial  by  1  . 

The  micrometer  scale  has  600  divisions  each  of  m  -  1  aec. 
The  calibration  of  the  micrometer  scale  exr  ressed  as  diviaions  of 
tne  dial  is 

,  ^  ■  *  *  -  -  ■» 
'=  *  • 

where  n  is  the  half  interval  in  angular  measure. 

In  the  focal  plane  of  the  reading  microscope  the  calibration 
of  the  micrometer  scale  expressed  in  dial  divisions  is 

T=t>. 

where  0  is  the  magnification  uf  tue  horizontal  dial  microscope 
objective. 

The  half  interval  in  this  plane  is 

/,  =  /•?.  (26) 


Differentiating,  we  obtain: 


**  t  t  * 

U  i  |  - t  \  * 


r?7> 

x  -  « 


Substituting  the  value  of  d0  from  formula  (20),  Section  ,  we 
have:  dll  =  /-K-JX 


but 


then 


9 


d!x  —  l-K-ti/)0. 


(28) 


l  11 


Converting  to  finite  differences,  and  bearing  in  Bind 
that  in  this  case  dl  can  be  replaced  by  T  ,  we  obtain: 


11  -  3  =  ikjdc . 


JD,= 


n  •  A*’ 


(29) 


where 


A 


-O' 
/>>;  • 


Formula  (29)  can  be  us^d  to  determine  the  minimum  change 

xu  uitjlontc  oc  Iwcon  OujeC tiVc  CutipOfieiito  Of  th6  horizontal  olid 

vertical  dial  microscopes  of  theodolite  IhB  which  corresponds  to  a 
cnange  in  run  of  about  1  scale  division  of  the  optical  micrometer. 

In  correcting  run  attention  must  be  paid  to  preventing 
parallax  between  the  line  of  separation  and  the  images  of  the  dial 
rraduations  at  the  place  where  diametrically  opposite  graduations 
coincide,  wh:ch  should  be  opposite  to  tne  diaphragm  index.  To  do 
this,  move  the  prism  2 3  through  the  window  under  the  cover  47 
(Fig. 46).  After  adjusting  the  optical  system  of  the  horizontal  dial 
microscope  objective,  the  mounting  of  the  lens  of  the  transmitting 
system  28,  'dl  and  the  mounting  of  the  objective  22,  21  are  finally 
secured  ( Fig. 5*0  • 


53*  Checking  the  angle  between  the  horizontal 
axis  of  rotation  of  the  telescope  and  the 
vertical  axis  of  the  instrument 

The  angle  between  the  horizontal  axis  of  rotation  of  the 

telescope  and  the  vertical  axis  of  the  instrument  is  checked  in  the 

following  way:  the  theodolite  is  set  up  on  a  block  or  on  a  tripod. 


A  plumb  line  is  set  up  at  a  distance  of  10  -  15  b  from  the 
instrument .  The  vertical  axis  of  the  theodolite  is  brought  to 
the  plumb  position  by  means  of  the  levelling  screws  and  the 
cylindrical  level  on  the  stand.  Then  the  tube  is  aimed  at  the  top 
of  the  plumb  line  so  that  the  graticule  intersection  coincides  with 
the  plumb  line.  The  tube  is  then  traversed  down  the  plumb  line  and 
it  is  observed  wnether  the  line  and  the  hair  lineB  cross.  If  this 
happens,  then  lelease  the  screws  which  secure  the  base  of  the 
optical  micrometer  to  the  s'.and  and  remove  the  micrometer.  Release 
me  tnrec  screws  which  secure  the  right-hand  bearing  to  tae  stand 
(Fig. 70)  and  move  it.  Since  the  outer  dianeter  of  the  bearing  1b 
eccentric  relative  to  the  inner,  the  right-hand  end  of  the  horizontal 
axis  io  raised  or  lowered  as  the  bearing  la  turned,  thus  making  the 
necessary  correction.  The  checking  is  continued  until  the  angle 
be^veen  the  horizontal  axis  of  the  tube  and  the  vortical  is  correct. 


rlq.  70.  Te1t;cope,  stand  and  coaponants  of  tha  ail al  srstea  of  the  horizontal  nil 
1  -  adjustable  bearing;  ?  .  hor  fontsi  aits;  3  -  trump;,  <•  -  Inuring  Cush. 


54.  Adjustment  of  the  optical  system  of 
the  vertical  dial  microscope 


Adjustment  of  the  optical  system  of  the  vertical  dial 
microscope  consists  in  adjusting  the  optical  system  of  the 
microscope  objective,  which  must  be  focussed  before  adjusting  the 
alidade  prisms. 

In  order  to  move  the  objective  along  the  axis,  remove  the 
base  of  the  cover  42  and  the  electric  lighting  switch  17  (see  Figs. 

47,  48).  Then,  working  through  the  hole  A  (Fig. 68)  the  objective 
can  be  moved.  Obtain  a  sharp  image  of  the  graduations  and  then 
proceed  to  adjust  the  alidade  part  of  the  optical  system  of  tae 
objective  of  the  vertlcul  dial  microscope.  Look  through  the  reading 
microscope  and  move  the  transmitting  system  lenses  4}f  4 2  (Fig. 54) 
to  prevent  parallax  between  opioaite  graduations  of  the  vertical  dial 
and  make  a  setting  so  that  the  intervals  between  the  graduations  on 
the  opposite  parts  of  the  dial  are  equal. 

The  transmitting  system  lenses  43,  42  (Fig. 54)  are  moved  in 
the  following  way.  Unscrew  the  four  screws  of  the  plate  50  (Fig. 49) 
and  then  unscrew  the  screws  which  secure  the  optical  components  of 
the  alidade  part  of  the  vertical  dial.  The  images  of  diametrica  11 7 
opposite  graduations  of  the  vertical  dial  should  be  in  the  centre  of 
the  field  of  the  diaphragm  visible  in  the  leading  microscope,  the 
graduatlona  should  be  of  equal  site  and  rerpend i cul nr  to  tho  line  of 

*  rs  n  r  r»  ^4  am 
UV  pui  IA  W  AWM 

change-over  prism  20  (see  Fig. 54). 

The  prism  54  is  adjusted  through  the  hole  C  (Fig. 68), 
the  selector  prism  20  ic  fitted  on  the  micrometer  base  and,  therefore 
in  adjusting  the  opticol  system  of  the  objective  of  the  vertical  dial 


Uvpu.  1*  wivu •  iiiio  x a  duuxcvcu  uy  aujusuing  the  prism  54  and  the 


microscope  the  selector  prism  position  is  moved  in  its  mounting 
ua  necessary,  with  the  micrometer  removed  from  the  instrument. 

The  run  of  the  vertical  dial  microscope  is  corrected  by  altering 
the  distance  between  the  components  of  the  objective  J6,  55  (Fig. 5*0 
through  tne  hole  A  (Pig.£>8).  To  f'orr^ct  run  follow  the  guidance 
given  above,  check  for  rarallax  between  the  line  of  eeparation  and 
tne  images  of  the  graduations  on  the  vertical  d '  al  ,  and  also  check 
the  place  at  which  the  opposite  graduations  coincide. 

Diametrically  opposite  graduations  should  coincide  opposite 
the  index  of  the  diaphragm,  this  ie  achieved  by  moving  tne  prism  }4. 

The  amount  of  run  of  the  objective  of  the  vertical  dial 
microscope  should  not  exceed  1  scale  division  of  the  micrometer. 
After  adjusting  the  optical  system  of  the  objective  of  the  vertical 
dial  microscope  the  optical  parts  are  finally  secured  in  their 
mountings . 


55.  Alteration  of  M  of  the  vertical  dial 

Z 

Since  the  vertical  dial  is  set  not  only  relative  to  toe 
horizontal  axis  of  rotation  but  also  in  such  a  way  that  a  line 
passing  through  diametrically  opposite  graduations  of  the  vertical 
dial  (0-180°)*  is  parallel  to  the  visual  axis  of  the  telescope,  M_ 
is  altered  in  checking  the  level  of  the  vertical  dial  alidade. 

The  theodolite  is  first  set  on  a  level  with  the  stand. 

The  telescope  is  then  adjusted  to  the  horizontal  position  by  the 
level  of  the  vertical  dial  alidade  and  a  reading  is  made  on  the 
microscope.  When  the  ends  of  the  bubble  of  the  contact  level 
coincide  the  microscope  reading  should  be  00°. 


i  in 


Aim  tue  telescope  at  a  staff  at  a  distance  of  10  -  15  m 


from  the  theodolite  and  take  readings.  Then  transmit  the  telescope 
through  the  zenith  and  aim  at  the  eame  reuding  on  the  staff.  The 
reading  on  the  vertical  dial  wnen  the  two  ends  of  the  contact  bubble 
coincide  should  then  be  ^0°.  If  the  ends  of  the  bubble  of  the 
contact  level  nave  not  coincided  this  is  corrected  by  the  adjusting 


screws . 


When  the  ends 
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the  microscope  should 
correcting  screws  does 
the  prism  unit  37.  *>8 


of  the  bubble  coincide  on  the  level  of  the 
(contact  level)  the  i<-«uiru's  on  the  start  and 
lemnln  unaltered.  If  adjustment  of  the  level 
not  (rive  satisfactory  results  during  the  check 
(lig.54)  may  be  turned. 


56.  Checking  the  collimation  error 
The  collinaticn  eiror  is  detej mined  in  the  usual  way  and  is 
corrected  by  moving  the  graticule  mounting.  "he  check  la  repeated 
until  the  level  colligation  error  2c  does  not  exceed  10". 


37.  Checking  the  optical  plummet 
The  theodolite  ThB  is  mounted  on  a  tripod,  the  levelling 
screws  are  adjusted  until  the  vertical  axis  is  in  the  plummet 
puuition  and  tne  tneoaoiite  telescope  is  set  in  the  vertical 
position  so  that  when  the  upper  part  of  the  instrvunent  is  turned, 
there  is  no  appreciable  change  in  the  focussing  ring  of  the  eyepiece. 

A  small  smooth  board  covered  with  paper  is  placed  under 
the  tripod.  A  theodolite  of  any  suitable  construction,  such  as 
tjpe  TT-5.  is  sot  up  “10  nrn  away  from  the  theodolite  type  ThB. 


Sighting  on  the  left  and  right  generating  lines  of  the  eyepiece 
focussing  ring  of  the  theodolite  ThB  telescope,  take  readings  on 
the  horizontal  dial  and  set  the  alidade  to  tr.e  mean  position 
between  them.  Then  aim  the  telescope  at  the  board.  The  check  is 
trade  by  two  men,  ore  of  then  observes  through  the  theodolite 
telescope  and  the  other,  guided  by  the  first,  narks  on  the  board 
two  points  which  coincide  with  the  vertical  hair-line  of  the 
graticule  in  tne  upper  and  lower  parts  of  the  field  of  vision  of 
the  telescore.  The  two  points  are  joined  to  give  a  straight  line 
on  the  bourd.  Then  the  theodolite  TT-5  ia  set  up  at  a  distance  of 
10  m  and  at  an  angle  of  a0°  to  the  theodolite  ThB.  It  is  again 
sighted  on  the  telescope  eyepiece  of  theodolite  ThB  and  two  points 
ore  narked  on  the  board  as  described  above  ar d  joined  together  to 
obtain  the  point  of  intersection  between  the  two  lines.  Then, 
whilst  looking  into  the  optical  plummet,  use  the  two  correcting 

screws,  make  the  cross-hairs  of  the  optical  plummet  graticule 
coincide  with  the  place  where  the  lines  cross  on  the  board.  This 
check  is  made  more  quickly  if  there  are  cwo  additional  theodolites 
which  are  set  up  at  an  angle  of  °0°  to  the  theodolite  type  ThB. 
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Chapter  8 

LUBRICATION,  MINCR  CORRECTIONS  AND 
PROCEDURE  FOR  REPLACING  INDIVIDUAL 
COMPONENTS 

58.  Lubrication  of  «vi«i  systems 
and  other  assemblies 

Tho  axial  eyeteme  of  optical  theodolite  ThB  are  lubricated 
with  a  special  oil  (see  Section  38)*  Before  lubricating  the  axis, 
the  bearinge  and  other  parts  of  the  horizontal  and  vertical  axis 
systems  are  carefully  wiped  with  aviation  gasoline  and  then  dried. 

^he  axial  systems  and,  particularly,  the  vertical  axis,  must  be 
lubricated  carefully  so  that  no  lubricant  falls  on  the  optical  parte. 

To  protect  the  components  against  pieces  fulling  off  the 
coating,  and  aginst  the  absorption  of  moisture,  the  same  compound 
is  used  as  waa  recommended  for  coating  u.,e  parts  of  theodolite  0T-02, 
This  coating  is  applied  to  the  following  components  of  the  theodolite 
ThB:  the  dial  sleeve  (gear),  the  half  rings  and  spring,  the 

internal  surface  of  the  horizontal  dial  casing,  the  mounting  of 
the  level  bulb,  the  inner  surface  of  the  stand,  the  base  of  the 
micrometer,  the  inner  surface  of  the  vertical  t.nrnt-.«hi*  housing, 
the  telescope  casing,  the  telescope  seating  places,  the  frame  of 
the  focussing  lens  mounting  (on  the  outside.',  the  cover  of  the 
vertical  turntable  housing. 


Components  near  to  the  optical  parts  are  covered  with  the 


same  compound  as  in  theodolite  (T'-O 2.  This  is  applied  to  the 
following  componenta  and  assemblies  of  theodolite  7hB:  the 
mounting  of  the  dial  alidade  prisms  and  of  the  vertical  turntable, 
parts  of  the  optical  micrometer,  the  dial  3leeve  (the  seating  place 
ani  clomping  ring), the  mountings  of  the  objectives,  lenses,  and 
horizontal  and  vertical  dial  microscope  prisms,  the  telescope  body, 
the  graticule  mounting  body,  the  body  of  the  reading  microscope, 
the  eyepiece  mountings  of  the  telescope  and  the  reading  microscope, 
the  reading  microscope  prism  mountings.  The  seating  places  of  the 
verical  and  horizontal  dials,  and  also  the  alidade  prisms  are 
wiped  with  a  cloth  which  has  been  moistened  with  this  lubricant. 

To  ensure  that  the  instrument  is  hermetically  seuled  all 
the  Joining  parts  which  prevent  access  to  the  interior  of  the 
theodolite  are  also  coated  with  compound  after  final  adjustment. 

The  following  are  the  Joints  on  the  theodolite  to  which  this  applies: 
between  the  frame  of  the  horizontal  dial  and  the  stand,  between  the 
vertical  turntable  housing  and  the  stand,  between  the  base  of  the 
micrometer  and  the  stand,  between  the  cover  of  the  vertical 
turntable  housing  and  the  stand,  between  the  horizontal  axis  and 
the  star.d,  and  the  Jo  nts  between  the  telescope  body  and  the 
horizontal  axis  and  with  the  objective  mounting.  The  same  compound 
is  used  as  for  theodolite  0!-0 2. 

All  the  covers  and  the  frame  which  are  to  be  coated  with 
compound  must  be  wiped  with  a  clean  cloth  and  where  necessary 
pa  1 nted . 
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5Q.  Correction  of  defects  in  the 

axial  system 


Cause  of  defects 

The  following  difficulties  may  occur  in  the  social  systems 
-len  working  with  the  theodolite  type  ThB:  difficulty  in  rotating 
about  the  vertical  axis,  difficulty  in  rotating  the  telescope  or 
Jamming  of  the  vertical  axis  system. 

Difficulty  in  turning  the  axial  system  results  from 
thickening  of  the  oil,  which  must  be  replaced.  To  do  this  the 
instrument  is  dismantled  and  the  old  lubricant  1b  removed  from  the 
parts  of  the  axial  system  by  carefull;  wiping  with  a  cloth  lightly 

moistened  with  aviation  gasoline  and  then  with  a  clean  dry  cloth. 

The  parts  of  the  axial  systems  are  then  lubricated  with  oil  (see 
Section  ?8)  and  the  theodolite  is  reassembled  and  adjusted. 

Jamming  may  occur  in  the  vertical  axis  system  as  a  result 
of  careless  ansembly  durirg  repair  or  as  a  result  of  dirt  getting 
between  the  parts.  This  kind  of  trouble  can  be  corrected  only 
under  factory  conditions. 

In  correcting  defects  in  the  axial  systems,  or  in  replacing 
the  horizontal  and  vertical  dials  and  other  farts,  theodolite  ThB 
i 8  usually  dismantled  only  as  much  as  necessary. 

Procedure  for  dismantling  the  lower  port  of  the  theodolite 

Remove  the  baseplate,  releasing  the  lock,  remove  the  optical 
plummet  und  the  carrier  by  releasing  the  three  knurled  screws  and 
unturning  slightly;  undo  the  three  screws  1th  the  red  he  add  which 
secure  the  diul  cover  to  the  t.ieodolite  stand;  carefully  remove  the 
lower  part  of  the  theodolite  (earlier  with  dial  casing)  from  the 


stand,  taking  care  not  to  damage  the  dial  and  prisma  (see  Figs. 

60,  61);  withdraw  the  vertical  axis  threat  bearing  (see  Fig. 59); 
withdraw  the  spring  with  the  half  rings  3  (aee  Fig.61);  ’■'emove 
the  dial  sleeve  with  the  dial  and  pinion  (Fig. 62);  undo  the  three 
screws  which  secure  the  vertical  axis  main  bearing  to  the  dial 
casing  and  withdraw  it  (see  Fig. 39). 

If  the  vertical  axis  (Fig. 60)  is  undamaged  do  not 
dismantle  it. 

The  sequence  for  reassembling  the  lower  part  of  the 
theodolite  is  the  opposite  of  that  described . 

Procedure  for  dismantling  the  upt »r  part  of  the  theodolite  (telescope 
and  horizontal  axis). 

Undo  the  screw  which  secures  the  base  to  the  plate  on  which 
the  optical  micrometer  and  dial  selector  prism  are  mounted;  remove 
the  optical  micrometer  from  the  instrument  (see  Fig. 63);  remove  the 
telescope  adjusting  screw  23  and  the  contact  level  adjusting  screw 
26;  undo  the  screw  and  remove  the  casing  of  the  contact  level; 
remove  the  prism  from  the  condenser  '13  (frig.^b)  of  the  contact  level; 
unscrew  the  contact  level  regulating  screw;  unscrew  the  three 
screws  which  secure  the  level  bracket  to  the  stand  and  remove  the 
contact  level;  unncr*-w  the  four  screws  which  secure  the  electric 
lighting  switch  1n  to  the  stand  (Fig. 47),  remove  the  electric 
lighting  switch  one.  the  base  of  tne  lower  cover  ^2  (Fig. ^7);  undo 
the  screws  and  remove  the  cover  of  the  left-hand  upright  of  the 
stand  (with  position  CL);  undo  the  screws  on  the  base  of  the 
electr  cal  plug  socket;  undo  the  screws  of  the  clamp  shank  of  the 
vertical  dial  alidade  arid  remove  it  ;  undo  the  screws  in  the  cover 
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of  the  vortical  turntable  housing;  undo  the  two  screws  of  the 
bearing  limiting  bush  (the  bearing  limiting  bush  is  located  in 
window  8  of  Pig. 57X  unscrew  the  four  screws  which  secure  the  ver¬ 
tical  dial  housing  to  the  base,  the  opening  .for  which  is  shown  in 
Fig. 68  with  the  frame  of  the  vertical  turntable  removed;  undo  the 
two  screws  and  remove  th*  unit  (for  location  of  unit  B  see 
Fig. 68)  in  which  are  seated  tne  prisms  57 »  58  (Fig. 5*0  which 
transmit  the  images  of  the  graduations  of  the  vertical  dial  to  t..e 
objective  of  the  vertical  dial  microscope;  remove  the  base  of  the 
vertical  dial  alidade  4Q  (Fig. 68);  unscrew  the  screws  which  secure 
the  bearing  bush  to  the  turntable  bearing  and  : eraove  the  bush; 
undo  the  two  screws  of  trie  contact  nysrem  A  (Fig. 68)  and  remove  it; 
undo  the  three  screws  with  red  heads  which  s-»cure  the  horizontal 

dial  housing  to  the  frame  and  remove  the  lower  part  of  the 
theodolite  together  with  the  housing  and  the  dial;  undo  the  screws 
wh'ch  oern re  th*  objectit"  mounting  of  t;.<  »r,  ■  ;Ui]  uiui  microscope 

to  the  stand;  remove  the  vertical  turntable  housing,  shifting 
the  sealing  of  trie  objective  of  the  vertical  dial  microscope 
somewhat  (Fig. 68  shows  the  alidade  part  of  the  vertical  dial  with 
the  vertical  turntable  housing  removed);  unscrew  the  screwe  of  the 
vertical  dial  sleeve  and  remove  t  e  sleeve  from  the  vertical  dial; 
uric  the  screws  which  secure  trie  telescope  clamp  and  remove  the 
clamp;  carefullj  separate  the  telescope  and  the  horizontal  axis 
from  the  right-hand  upright  of  the  stand  (Fig. 70);  remove  the  cover 
of  the  vertical  turntable  housing  from  the  horizontal  axis, 

releasing  the  six  screws;  unscrew  and  remove  the  reading  microscope 
pressing  on  the  catch  61  (Fig.40);  undo  the  screws  of  the  cover  and 
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through  tho  hole  7  (Fig. 57)  undo  the  screws,  and  withdraw  the 
mounting  with  the  prism  of  the  reuding  microscope;  undo  the  three 
screws  and  remove  the  shackle  which  fixes  the  telescope  to  the 
reading  microscope;  lemove  the  metal  mirror,  undoing  the  'hree 
screws  in  its  head;  unscrew  the  ring  which  secures  the  back-sight 
firs’  undoing  the  lock;  undo  che  screw  6  (Fig. 58)  which  secures 
the  telescope  to  the  horizontal  axis;  withdraw  the  telescope  from 
the  horizontal  axis.  This  completes  trie  dismantling  of  the  upper 
part  of  the  theodolite  which  is  necessary  in  order  to  correct  the 
defects  in  the  horizontal  aocis  system.  The  upt  er  part  of  'he 
* heodol i te  is  re-usoembled  in  the  reverse  sequence  to  that  described. 

Since  the  horizontal  axis  is  the  most  complicated  to 
dismantle  for  repair  tho  disturbance  of  the  ad Ju «; tmen t  may  be  more 
serious . 

In  dismantling  and  assembling  the  lower  part  of  th* 
theodolite  it  is  sufficient  to  nnv*  n  rh#»rw-fnp  location  of  toe 

place  at  which  the  graduations  coincide,  of  toe  run  and  parallax 
in  the  horizontal  dial  microscope)  but  on  dismantling  and  assembling 
the  upper  part  of  the  theodolite  (the  telescope  and  horizontal  axis) 
the  theodolite  must  be  completely  readjusted. 

60.  Repair  of  optical  micrometer 

The  optical  micrometer  can  be  dismantled,  for  repair  of 
any  defects  which  may  have  been  noted,  only  in  a  workshop  or  factory. 
Faults  as'  ociated  with  t:.e  adjustment  of  the  optical  micrometer  are 
corrected  on  the  basis  of  the  instructions  given  above.  If  spare 
parts  are  available  t;.ey  can  be  replaced. 


The  moat  complicated  optical  assembly  is  the  separating 
prism  unit.  If  any  of  the  earner  tine;  in  the  unit  haa  come  adrift 
the  recommendations  made  above  must  be  followed. 

If  the  slider  3  (Fig. ^3)  is  not  running  smoothly,  dismantle 
the  micrometer  and  check  the  guide  ?.  If  dirty,  the  guide  2  and 
the  slider  3  must  be  carefully  cleared.  If  there  are  deep  scratches 
or  scoring  on  the  surfaces  of  the  guide  or  slider  they  must  be 
carefully  removed  with  a  scraper;  the  rarts  must  then  be  carefully 
cleaned  and  lightly  lubricated  with  watch  oil. 

Crossing  of  the  micrometer  scales  in  corrected  in  the 
following,  way:  release  t-he  four  screws  which  secure  the  arm  which 
presses  on  the  micrometer  scale  and  set  the  scale.  Cneck  the 
accuracy  of  setting  of  the  micrometer  scale  in  the  instrument. 

.  Replacement  cf  horizontal  and  vertical 

dials 

Replace  the  horizontal  and  vertical  dialn  if  they  become 

cracked  or  otherwise  damaged  by  accident.  To  replace  the  horizontal 
dial  the  lower  p -rt  oi  tne  theodolite  must  he  dismantled,  and  to 
repluce  the  vertical  dial  the  upper  part  must  be  dismantled.  The 
dismantling  procedure  is  described  above. 

After  the  horizontal  or  ver^  icol  dials  have  been  removed, 
wash  their  seatings  in  aviation  gasoline  and  wipe  them  carefully. 

Fit  them  by  the  procedure  described  above.  After  the  dials  have 
been  fitted,  assemble  and  adjust  the  optical  systems  of  the 
horizontal  and  vertical  dial  microscopes  (focus,  correct  parallax, 

run,  etc.). 
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Chapter  9 

CARE  OP  HIGH  HtrvClSIGN  OPTICAL  THEODOLITE8 
TYPES  OT-02  AND  ThB  DICING  FIELD  WCKK 

62.  Preliminary  examination  of  instrument 
when  packed  in  case  or  box 

Precision  optical  theodolites  types  OT-02  and  ThB  are 
complicated  mechanisms  which  contain  a  large  number  of  optical 
parts,  all  of  which  occupy  definite  positions  in  relation  to  one 
another.  Damage  or  displacement  of  any  of  the  optical  parts  and 
also  of  some  of  the  median  Lcnl  assemblies  and  parts  (adjusting 
screws,  micrometer  knobs,  etc.)  that  may  result  from  shocks,  or 
dropping  the  instrument,  con  moke  it  unsuitable  for  use,  or  impair 
i  the  accuracy  of  the  readings.  Field-workers  must  therefore  know 
the  rules  for  looking  after  precision  optical  instruments. 

When  the  instrument  is  received,  become  familiar  with  tha 
method  of  pocking  it  into  its  box  or  case,  study  the  method  of 
fixing  the  instrument  with  the  clamping  devices  and  the  location  of 
all  the  parts  in  the  corresponding  sockets. 

Theodolite  OT-02  is  packed  into  a  metal  cose.  Before 
packing,  examine  the  base  of  the  case  and  its  fixing  to  the  cover. 
On  the  case  base  there  ere  sockets  for  spare  telescope  eyepiece*. 
The  teleecope  is  fixed  with  the  objective  upwards  (Fig. 71),  and  the 
centering  plate  and  box  with  accessories  ore  packed  in  a  separate 
case  ( Fig .7?) , 
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Fig.  71.  Th-*odol  1 1*  01-0?  o«  the  bate  of  it»  aetil  CiTying  bo* 


Theodolite  ThB  ia  packed  in  a  box  (Fig. 73) ♦  and,  in 
packing,  the  upper  part  of  the  instrument  ia  put  in  relative  to 
the  carrier  in  auch  a  way  that  the  red  marks  3  (Fig.^b;  are  one 

under  the  other;  the  telescope  ia  fixed  in  auch  a  way  that  the 

eyepiece  is  in  the  uprer  position  and  the  telescope  centre-line  is 
parallel  to  the  vertical  axis  of  the  instrument. 

If,  when  the  theodolite  has  been  packed,  the  box  cover  can 

be  freely  closed,  the  instrument  has  been  correctly  placed,  but  if 

it  ia  difficult  to  close  then  the  instrument  has  been  put  in 
incorrectly.  When  the  instrument  is  taken  from  the  box  or  put  into 
it  the  box  must  be  kept  lid  uppermost  because  the  theodolite  and 
certain  accessories  which  are  in  the  box  are  not  secured. 
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Fig.  J/.  C/rrylfvj  cat*  for  ctnltring  plait  and  boi  with  acctasortaa  for  th,oJoMt«  0T-0? 


63.  Transport  of  optical  theodolites 
Optical  theodolite  OT-02  (in  its  mam)  end  theodolite  ThL 
(in  ita  box)  must  be  looked  after  during  transport.  The  case  with 
theodolite  OT-02  should  be  kept  bottom  downwards,  and  the  box 
containing  theodolite  ThB  with  the  handle  upwards.  Soft  articles 
must  be  packed  underneath  the  case  or  box  to  minimise  shock.  For 
transport  by  truck  or  train,  in  addition  to  the  boxes  and  cases 
described,  optical  theodolites  should  be  packed  in  special  transport 
boxes  which  contain  soft  packing. 

In  packing  for  horse  transport,  theodolite  OT-02  in  its 
case  and  theodolite  ThB  in  its  box,  are  wraDyed  in  canvas  and  tied 
to  one  side  of  the  horse.  A  similar  counterweight  of  some  kina 
should  be  secured  to  the  other  side  of  the  horse.  In  places  where 
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passage  is  dangerous  the  instrument  should  be  removed  from  the 
horse  and  carried.  The  condition  of  the  case  or  the  box  and  also 
of  the  transport  box  should  always  be  carefully  examined. 


L  -  - - - -  — «  j 

Fig.  73.  Tb«odolft«  Jh9  In  bo* 

When  optical  theodolites  are  removed  from  a  cold  to  a  warm 
room,  or  vice  versa,  they  must  bs  left  closed  for  three  or  four 
hours  (type  0T-02  in  its  case  and  ThB  in  its  box)  before  use.  The 
box  or  case  containing  the  instruments  should  not  be  put  near 
heating  equipment. 

When  carrying  the  box  with  theodolite  ThB  or  the  case  with 
theodolite  0T-02,  use  the  straps  of  the  box  or  the  shoulder  carrier 
for  the  casing  of  theodolite  0T-02. 


6A.  Moving  optical  theodolites  to  an 

observation  station 

As  optical  theodolites  are  light  in  weight,  and  small  in 
size,  it  is  much  easier  to  move  them  to  an  observation  station  than 
theodolites  type  TT  2"/€>".  When  carrying  theodolite  0T-02,  the  case 
with  the  theodolite  is  secured  on  a  shoulder  carrier  and  the  box 
with  theodolite  ThB  on  a  shoulder  strap.  The  observer  should 
personally  supervise  the  carrying  of  optical  theodolites  to  the 
station . 

The  following  rules  muat  be  observed  whilst  optical 
theodolites  are  at  the  station.  If  intervals  between  observations 
are  comparatively  long,  the  theodolite  should  be  packed  in  the  box 
or  case.  The  box  of  theodolite  ThB  or  the  case  of  theodolite  0T-02 
should  be  covered  with  a  canvas  cover  and  tied  to  the  observation 
station  table  with  a  cord.  The  theodolite  should  not  be  left  on 
the  station  table  overnight  or  without  supervision. 

65.  The  care  of  optical  theodolites  in  use 

The  procedure  for  setting  up  an  optical  theodolite  on  the 
observation  station  platform  is  as  follows:  centre  above  the  datum 
point  and  firmly  press  the  three  feet  of  the  centering  plate  into 
the  table.  Then  put  the  setting  plate  on  it  and  screw  up  tight. 

I  lace  the  theodolite  ThB  in  its  slot  and  secure  the  lock.  To 
transfer  theodolite  ThB  take  the  carrier  in  one  hand  and  hold  the 
base  in  the  otter. 

Theodolite  0T-02  is  mounted  on  the  centering  plate  by 
screwing  the  theodolite,  together  with  the  setting  plate,  on  to 


plate.  Carry  theodolite  0T-02  by  taking  the  setting  plate  in  one 
hand  and  supporting  the  stand  in  the  other. 

In  setting  the  optical  theodolite  the  vertical  axis  of 
the  instrument  must  immediately  be  brought  to  the  vertical  position, 
at  least  arproximn tely . 

The  instrument  should  be  cleaned  of  dust  every  day  after 
finishing  work,  the  ends  of  the  screws  and  sleeves  should  be  lightly 
oiled  and  all  tne  micrometer  screws  returned  to  the  centre  of  the 
threads.  If  the  weather  Is  wet  and  atmospheric  conditions 
unfavourable,  all  parts  which  are  not  painted  or  lacquered  should 
usually  be  covered  with  oil  or  vaseline. 

If  the  instrument  is  standing  on  the  station  table  or  on 
its  tripod  between  operations,  it  muBt  have  its  cover  on. 

66.  Care  of  optical  parte 

Optical  parts  must  be  protected  against  damage.  When 
working  with  optical  theodolites  the  leneea  must  not  be  taken  out 
of  their  mounts  or  the  telescope  objective  unscrewed.  If  the 
eyepiece  is  exchanged  during  the  course  of  the  work  this  should  be 
done  quickly  and  carefully  so  tuat  no  dust  gets  on  the  graticule. 

The  outer  surfaces  of  the  lenses  of  the  telescope  objective, 
eyepieces,  etc.,  may  be  wiped  with  a  special  old  white  linen  cloth 
which  has  been  washed  without  soap,  or  with  a  fine  linen  cloth. 

Clean  cotton  wool  moistened  with  alcohol  may  be  used  provided  great 
care  is  taken  that  the  alcohol  does  not  get  inside,  since  it  dissolves 
the  balsam  with  which  the  lenses  and  other  optical  parts  are  cemented. 


67.  Care  of  the  axial  systems  of  optical 
theodolites 

Care  in  transportation  is  the  principal  means  of 
preventing  damage  to  the  axes  of  precision  optical  theodolites. 
It  is  not  possible  under  field  conditions  to  correct  defects  in 
the  axial  systems,  this  must  be  done  in  the  workshop  or  by  the 
factory. 
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Determination  of  focal  length 
There  are  various  methods  of  determining  focal  lengths. 

For  example,  by  using  a  telescope  of  known  focal  length  set  to 
infinity.  For  this  purpose,  a  plate  carrying  two  lines  is  set  In 
the  focal  plane  of  the  collimator  at  its  known  focal  length  in 
such  a  way  that  the  two  lines  are  symmetrica]  about  the  optical 
axis.  The  distance  between  the  lines  should  be  measured  accurately 
on  a  comparator  or  on  a  universal  microscope. 

The  system  to  be  tested  is  set  on  the  collimator  xis. 

The  distance  y  between  the  images  of  the  lines  is  measured  by 
means  of  an  eyepiece  provided  with  an  optical  micrometer  or  by  an 
eyepiece  micrometer  of  known  calibrations.  We  then  have  the  equation 

y  y'  «=/i  :/i. 


from  which  we  determine 


A-/.  A. 


(50) 


where  f2  is  the  focal  lenrth  of  the  collimator;  y'  the  distance 

between  the  lines  on  the  pla**  located  at  the  collimator  focus,  and 

f^  la  toe  focal  length  of  the  system  under  test. 

In  formula  (*>0)  the  quantity  *2  -  k  is  constant  for  a 

v1* 

given  collimator.  Determination  of  focal  lengths  of  systems  is 
therefore  simplified;  it  consists  in  measuring  the  quantity  y  and 
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calculating  by  the  formula  «  y  x  k. 

Determination  of  focal  length  of  the  objective  b j  the  variable 
magnification  method 

Special  Zeiss  and  Bamberg  focus  meters  exist  for  measuring 
the  focal  lengths  of  an  otjecfive  by  this  method  but  it  is  also 
possible  to  use  a  simple  Zeiss  measuring  microscope  or  an  instrument 
microscope  with  various  attachments. 

Determination  of  the  fecal  length  of  a  system  by  the 
variable  mugni  f ication  method  is  based  on  determining  the 
magnification  for  several,  and,  at  any  rate,  more  *uan  two  different 
positions  of  the  object  (scale)  which  ia  on  the  principal  axis  of 
the  system  under  test.  Here,  the  distar ce  between  the  positions  of 

the  object  and  the  oys’em  under  teat  (lens  objective)  should  be 
known . 

The  position  of  the  object  (object  scale)  is  altered  by 
means  of  a  ring  of  tnickness  d  -  20  mm  ,  which  ia  placed  under  tae 
objective  and,  in  measuring  focal  lengths  of  lenses,  by  means  of  1 
ring  of  thicknesR  d^  •  5  mm. 

Six  pairs  of  rings  are  prepared  for  the  microscope 
(diameters  of  10,  15,  20,  30,  ^0  and  50  mm)  so  that  it  is  possible 
to  measure  focal  lengths  of  objectives  and  lenses  of  diameters  up  to 
oO  mm  and  focal  lengths  up  to  300  mm. 

Moreover,  a  millimetre  scale  is  r.arked  on  the  microscope 
table,  or  a  separate  scale  is  used.  Before  starting  the  measurements 
the  objective  to  be  tested  is  set  in  such  a  way  that  the  visual  axis 
of  the  microscope  passes  through  the  centre  of  the  objective  and 
coincides  with  its  optical  axis.  For  this  purpose,  the  microscope 
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is  focussed  on  a  tabla  with  a  acale  and  the  graticule  cross  ia 
brought  to  the  middle  of  the  central  graduation  of  the  scale. 

Then  the  objective(or  lens)  to  be  tested  is  carefully  placed  in 
such  a  way  that  the  image  of  thin  graduation  occupies  ‘the  previous 
position  on  the  graticule.  After  this*  the  table  is  moved  2  -  5  bb 
away  from  the  centre  by  the  micrometer  screw  (by  an  amount 
equivalent  to  the  entire  free  diameter  of  the  system  tested)  making 
up  to  three  readings  at  each  point  of  the  scale.  This  ia  repeated 
with  the  objective  in  a  second  position  when  it  is  set  on  a  ring  of 
d  •  20  mm  and  the  same  graduations  are  observed  as  in  the  first 
pool ti on . 

The  mean  of  three  readings  ia  taken.  The  difference 
between  the  readings  between  symmetrical  graduations  on  the  scale 
is  the  size  of  the  images  y^  and  yA,  *  and  the  difference  between 
the  readings  between  the  corresponding  graduations  on  the  scale  is 
the  size  of  the  object  y^  and  y^  (Fig. 7*0. 
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Taking  the  ratios  A  and  A  ,  and  (substituting  their 


values  in  the  fonoula 


/= 


A-A 

y%  y  i 


we  find  that  f  is  the  focal  length  of  various  zones  oT  the  system. 

If  the  difference  between  different  zones  is  insignificant 

i.e.,  the  system  is  almost  without  aberration,  ana  f  is  taken 

av 

ae  the  mean  of  all  the  values  by  zones. 
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APPENDIX  2 

Measuring  the  refractive  index  of  a  lena 

The  refractive  index  of  a  lena  may  be  measured  in  two  ways: 

( 1 )  without  altering  the  shape  of  the  lens  (immersion  method)  and 

(2)  by  making  two  flats  on  the  free  periphery  of  the  lena.  The 
refractive  index  can  be  measured  by  either  method  without  damaging 
*he  optical  system,  i.e.,  the  lens  can  be  replaced  in  the  instrument 

Jn  the  first  method  a  vessel  with  plane-parallel  sides  is 
filled  with  a  mixture  of  liquids  which  is  selected  in  such  a  wuy 
that  its  refr-ictive  index  can  be  altered  by  acding  one  of  the 
components  of  the  mixture,  lor  example,  kerosine  and  alpha-monobrooe 
naphthalene . 

The  vessel  is  set  up  between  two  telescopes  set  to  infinity 
one  of  which  eerves  as  a  collimator.  In  the  focus  of  this  one  a 
mirror  in  placed  which  Is  observed  in  monochromatic  light.  When 
the  test  lens  is  placed  in  the  vessel  the  image  of  this  mirror 
becomes  blurred.  One  or  other  of  the  liquid  components  is  added 
to  alter  the  refractive  index  of  the  mixture  until  the  image  becooee 
sharp  again,  then  the  refractive  index  of  the  mixture  is  equal  to 
t-hat  of  the  test  lens.  The  refrnctive  index  of  the  liquid  is 
measured  on  a  Pulfrich  refractone ter,  not  forgetting  that  the 
refractive  index  of  the  liquid  is  very  temperature  sensitive.  The 
advantage  of  this  method  is  tuat  the  l»*ns  is  completely  undamaged. 


its  d lead van tagftn  are  (a )  a  great  deal  of  time  is  required  to  adjust 
the  mixture,  (b)  it  is  very  difficult  to  hit  on  the  inatant  when 
the  refractive  indices  of  liquid  and  lens  are  equal  and  (c)  it  is 
not  very  accurate  (third  place  of  decimals). 

The  second  method  consists  essentially  in  measuring  the 
refractive  index  of  a  prism  and,  therefore,  the  procedure  is  Just 
the  same  as  is  uo^d  in  measuring  the  refractive  index  of  prisma  snd 
i 8  described  below. 

( 1  )  ^ea  su  ror  ent  of  the  refractive  index  of  the  lens  by  the  minimum 
angle  cf  deflection 

Two  flats  are  made  on  toe  free  periphery  of  the  lens  in 
such  a  way  that  the  angle  ^  between  the  planes  of  the  flats  is 
about  60°  (Fig. 75). 

The  plants  of  the  flats  should  be  parallel  to  the  optical 
axis  of  the  lens  und  the  quality  of  the  surfaces  must  be  go  d , 
because  if  they  nr**  not  parallel  it  in  very  difficult  or  even 
impossible  to  secure  auto-col 1 ination  images  from  these  planes;  if 
the  quality  of  the  surfaces  is  poor  the  auto-collimation  images  ere 
weak  and  blurred. 


In  thin  method  trie  lens  is  set  in  wax  on  the  table  of  * 
precision  spectrometer.  An  auto-collimation  image  of  the  slot  oust 
be  obtained  in  ti<e  auto-collimation  eyepiece  of  the  spectrometer 
telescope,  ihis  image  should  be  on  the  level  of  the  plane  of  the 
flats.  Tne  angle  o 1  refraction  is  measured  at  5  different  positions 
of  the  dial  (  iable  9). 


^  r,  7 


Having  determined  the  refractive  angle,  the  minimum  angle 
of  deflection  6  is  measured  for  tho  lines  C,  D  and  P.  A  slot 
is  set  up  in  the  focus  of  the  spectrometer  collimator.  The 
nuto-coll ima tion  eyepiece  in  the  teleecoro  is  replaced  by  a 
micrometer  eyepiece  in  which  the  magnitude  of  the  bisector  may  be 
altered  depending  upon  the  width  of  the  slot. 

The  slot  is  illuminated  with  monocnroma tic  light;  a 
Geiseler  hydrogen  tube  is  used  for  the  lines  C  and  P  and  with 
a  sodium  burner  or  a  spirit  lamp  with  its  wick  Impregnated  with 
salt  for  line  D  . 

The  minimum  deflection  6  is  determined  as  follows.  The 
telescope  is  first  aimed  directly  at  the  collimator  Blot  and  a 
reading  is  made  on  the  dial  (fables  10,  11  and  12).  Then,  by  naked 
eye,  the  image  of  the  slot  is  observed  through  the  lena,  the 
telescope  is  brought  up  and  the  spectrometer  table  with  the  lens  is 
turned,  and  the  displacement  of  tne  image  of  the  riot  is  observed 
through  the  telescope;  tne  image  moves  in  the  same  direction  as  the 
lens  until  at  a  certain  instant  the  image  of  the  slot  stops  and 
begins  to  move  in  the  opposite  direction  to  the  table  (Tables  10,  11 
and  12). 

This  position  is  that  of  the  minimum  deflection  and,  the 
telescope  is  aimed  at  the  image  of  the  Blot  and  a  reading  is  taken 
on  the  dial.  Measurements  are  again  taken  in  five  positions  (Tables 
10,  11  and  12). 

Having  determined  the  refraction  angle  a  and  tne  minimum 
deflection  angle  6  fur  the  lines  C,  D  and  P  ,  the  refractive 
index  is  calculated  by  the  following  formula: 
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This  is  a  very  accurate  method  and  if  the  flats  are 
carefully  prepared  an  experienced  operator  can  determine  the 
refractive  index  to  the  fourth  decimal  place. 

The  results  of  measurements  given  in  Tables  9 ,  10,  11, 
and  1 2  show  that  the  lens  in  question  was  made  of  gloss  K-8. 

(2)  f-  easurements  of  the  refractive  index  of  a  lens  by  the 
reflection  method 

In  this  method  the  measurements  are  mode  on  a  goniometer 
without  a  collimator  and  with  one  au to-coll inution  telescope.  The 
essontiala  of  the  method  are  as  follows.  Light  which  enters  the 
lens  is  reflected  at  a  right  angle  from  the  surface  of  the  necond 
flat  and  turns  back  upon  itself  (Fig. 76). 

There  is  a  slot  at  the  focus  of  the  telescope  objective. 
Light  which  leaves  it  bt  comes  parallel  on  leaving  the  objective  and 
after  refraction  through  the  first  fl.it  on  the  lens  reaches  the  plane 
of  the  second  flat.  Here  it  is  partly  reflected  and  partly 
transmitted  outside  the  lens.  Since  only  the  reflected  light  is 
used  in  the  observation,  the  second  flat  may  be  silvered  to  improve 
tae  reflection. 

The  reflected  light  is  refracted  tnrough  the  rirst  surface 
of  the  flat  and  is  focussed  in  the  focal  plane  of  tne  telescope 
objective  to  give  an  image  of  the  slot  which,  depending  upon  tne 
position  of  the  reflecting  flat,  may  lie  either  to  tne  right  or  to 
the  left  of  the  slot  and  either  in  front  of  or  behind  it. 
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Th®  lens  position  can  b®  adjusted  until  th®  incident;  rajs 
are  perpendicular  to  the  plane  of  th®  second  flat.  Then  the 
reflected  rays  pass  bacV'  in  the  previous  direction  and  the  image 
of  the  slot  coincides  with  the  slot.  The  angle  of  incidence  of 
the  light  on  the  lens  is  equal  to  the  return  angle  of  reflection. 
The  equation  for  calculating  the  refractive  index  is  obtained  from 
the  expression:  »  =  — A 

r  tin  a 


A 


by  substituting  the  quantity  *  for  a'  ,  i.e. 


Mg.  h. 


Fig.  7b. 
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Table  9 


measurements  of  angle  of  refraction  9 


Poadl ngs  taken  uMlr.t  observing  t ha  flits 

No  of 

• 

,  « 

reading 

microscope  A 

Nleroscopo  8 

Mean 

microscope  k 

Nleroscopo  B 

Nun 

1 

25’59’30* 

205°59'39* 

25*59' 34' 

264°12'09* 

84*12'  9* 

2W°I2'0S' 

il 

5  31  36 

185  31  39 

5  31  37 

243  44  18 

63  44  17 

243  44  17 

III 

310  11  43 

160  11  an 

340  11  39 

218  24  18 

38  24  18 

218  24  18 

V 

311  57  29 

131  57  25 

i 

311  57  27 

190  10  07 

10  10  04 

190  10  05 

V 

282  32  35 

| 

102  32  35 

282  32  35 

160  45  12 

310  45  14 

lt.0  45  13 

f  o  =1 

<f  =  IHO® 

-  II  -  121*47 ' 22 

-f'B  =  1 80®  — 

12l°47'22* 

«  =  5S312'38* 

*  =  29J06'I9' 
2 


Neasureaent  of  angle  #  for  lino  C 


Table  10 


No  of 

a 

D 

reading 

Nlcroscope  A 

microscope  8 

N#an 

microscope  A 

microscope  8 

mein 

1 

3V>  57  (j8* 

!  7I,J57  ’  16' 

35»  57*12* 

323*19  31' 

I 43° 1 9*31" 

323*19  31* 

II 

1 

3S4»  57  12 

1 

17‘>  57  19 

359  57  16 

j  323  19  26 

143  19  27 

323  19  27 

III 

J S'*  57  1 1 

i;y  57  17 

359  57  14 

1 

I  323  19  22  | 

143  19  25 

323  19  24 

IV 

1  3.50  57  «> 

179  57  19  | 

359  57  14 

323  19  26 

1 

143  19  77 

1 

323  19  26 

I 

V 

359  57  12 

179  57  16 

359  57  14 

323  19  28 

1 

143  19  28 

323  19  28 

mean  359*57'  14' 


Moon  323*19'27' 
ec  -  a  -  b  =.  36*37*47' 
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Table  n 


fainjraaant  of  angla  I  for  lln»  F 


No  af 

• 

1 

b 

raiding 

flcroscopa  A 

“Icroicopa  8 

fain 

flcroscopa  A 

flcroscopa  8 

fain 

1 

359*57' 12* 

1 79°57 ' 19* 

1  ] 

159*57 

372*39  »* 

1 

142° 29*29* 

822*39 '27* 

11 

359  J7  10 

179  57  18 

159  57  14 

372  39  33 

142  39  34 

322  39  34 

ill 

359  57  11 

179  57  15  i 

359  57  '3 

1 

32?  39  30 

.42  49  33 

372  39  31 

IV 

359  57  12 

179  57  18 

359  57  !5 

372  39  32 

| 

142  39  36 

372  *  34 

V 

359  57  13 

1 70  57  19 

i  ! 

359  57  16 

372  39  32 

1 

142  39  34 

I 

372  .*•  33 

fain  359*i7'l5*  fain  32?*3rj?' 

•X=o  -  b  te37*I7'43* 


faasuraaant  of  tha  angla  »  for  Tina  0 


Tibia  1? 


No  of 

raiding 

a 

1 

b 

flcroscopa  A 

flcroscopa  B 

fain 

flcroscopa  A 

flcroscopa  B 

fain 

1 

359°57  10* 

179*57*1 7* 
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The  requirements  concerning  the  preparation  of  the  flats 
are  the  same  89  for  the  method  of  minimum  angle  of  deflection  of 
the  light.  The  angle  ♦.<,*<  flats  should  not  be  greater  than 

the  angle  of  total  refraction,  so  it  should  be  between 

20  and  30°. 

Measurerent  of  the  refractive  index  consists  in  measuring 
the  angles  *>  and  a  .  The  method  of  setting  the  lens  is  tne  same 
as  in  determining  the  refractive  index  by  the  minimum  angle  of 
deflection.  The  angle  measured  in  the  usual  *  ay,  and  the 

angle  a  is  measured  as  follows:  By  means  of  an  auto-coll ima tion 
eyepiece  the  telescope  is  set  up  perpendicular  to  the  surface  of  the 
first  flat  and  the  dial  is  road.  Then  t..e  telescope  is  turned  (in 
some  constructions  of  goniometer  the  dial  is  turned  and  tne  telescope 
is  stationary)  until  the  image  of  the  slot  reflected  by  the  surface 
of  the  second  flat  coincides  with  the  actual  slot  and  again  a 
reading  is  taken  on  the  dial.  The  difference  between  the  readings 
gives  the  angle  a  .  The  accuracy  of  determination  of  refractive 
index  by  this  method  depends  on  the  quality  of  the  flats  and  the 
exrerience  of  the  operator. 
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